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(57) A mono-dia meter wellbore casing is formed by plasttcaify deforming and radially expanding a first 
tubular member 155 within a wellbore 10 using an expansion cone 115 with an over-expansion sleeve 
130. The over-expansion sleeve 130 may be made of a frangible or elastic material or be composed of 
arcuate inserts separated by resilient members. After a predetermined time period and/or a 
predetermined axial displacement of the cone 115, the over-expansion sleeve 130 is forced off the cone 
115 due to the frangible or resilient nature of the over-expansion sleeve. Continued movement of the 
cone 115 expands the tubular member 155 by a lesser amount than that provided by the combination of 
the over-expansion sleeve 130 and the cone 1 15. A tubular member 200 is placed in overlapping 
relationship with the tubular member 155 and plastically deformed and radially expanded to mate with 
the tubular member 155. An expansion cone 215 is driven downwardly to plastically deform and radially 
expand the tubular member 200 to form a mono-diameter casing. Other embodiments are described in 
which the initial expansion is done by an inflatable bladder or a roller expansion device. 
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MONO-DIAMETER WELLBORE CASING 
Cross Reference To Related Applications 
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25791 .7.02. filed on 2/23/2000. (3) U.S. patent applteation serial no. 09/502.350. 

10 attorney docket no. 25791 .8.02, filed on 2/10/2000, (4) U.S. patent application serial 
no. 09/440.338, attorney docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attorney docket no. 25791.11.02. filed on 3/10/2000. 
(6) U.S. patent applicatkxi serial no. 09/512,895. attorney docket no. 25791.12.02. filed 
on 2/24/20(X). (7) U.S. patent applkatlon serial no. 09/51 1 .941 . attorney docke>t no. 

1 5 25791 .16.02. filed on 2/24/2000. (8) U.S. patent application serial no. 09/588,946. 
attorney docket no. 25791.17.02. filed on 6/7/2000, (9) U.S. patent applfcatton serial 
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Background of the Invention 
This invention relates generally to welltx}re casings, and in particular to wellbore 
casings that are fomied using expandable tubing. 

Conventionally, when a wellbore is created, a numl)er of casings are installed in 

5 the borehole to prevent collapse of the borehole wail and to prevent undesired outflow 
of drilling fluid into the formation or Inflow of fluid from the formation into ttie borehole. 
The borehole is drilled in intervals whereby a casing which is to be installed in a lower 
borehole Interval is lowered through a previously installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the lower interval is of 

1 0 smaller diameter tiian the casing of the upper tnten/al. Thus, the casings are in a 

nested arrangement with casing diameters decreasing in downward direction. Cement 
annul! are provided between the outer surfaces of the casings and the borehole wall to 
seal \he casings from the borehole wall. As a consequence of this nested anangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 

1 5 a large borehole diameter involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and drill cuttings. 
Moreover* increased drilling rig time is involved due to required cement pumping, 
cement hardening; required equipment changes due to large variations in hole 
diameters drilled in ttte course of the well, and the large volume of cuttings drilled and 

20 removed. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for forming wellbores. 

Summary of the Invention 
According to one aspect of the invention, an apparatus for plastically deforming 
25 and radially expanding a tubular member is provided that includes means for plastically 
deforming and radially expanding a first portion of the tubular member to a first outside 
diameter, and means for plastically deforming and radially expanding a second portion 
of the tubular memt>er to a second outside diameter. 

According to another aspect of the present invention, an apparatus for plastically 
30 deforming and radially expanding a tubular member is provided that includes a tubular 
support meml)6r including a first fluid passage, an expansion cone coupled to the 
tubular support member having a second fluid passage fluididy coupled to the first fluid 
passage and an outer conical surface, a removable annular conical sleeve coupled to 
the outer conical surface of the expansion cone, an annular expansion cone launcher 
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coupled to the conical sleeve and a lower portion of the tubular member, and a shoe 
having a valveable passage coupled to an end of the expansion cone launcher. 

According to another aspect of the present invention, a method of plastically 
deforming and radially expanding a tubular member is provided that includes plastically 

5 defomiing and radially expanding a portion of the tubular member to a first outside 
diameter, and plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. 

According to another aspect of the present invention, a method of coupling a first 
tubular member to a second tubular member is provided that includes plastically 

10 deforming and radially expanding a first portion of the first tubular member to a first 
outside diameter, pla$tically deforming and radially expanding another portion of the 
first tubular menit>er to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overiapplng relation to the first portion of the 
first tubular member, plastically deforming and radially expanding the second tubular 

15 member to a third outside diameter, and plastically defomiing and radially expanding 
the second tubular member to a fourtt) outside diameter. The inside diameters of tiie 
first and second tubular members after the plastic deformations and radial expansions 
are substantially equal. 

Accordirig to another aspect of ttie present Invention, an apparatus for coupling a 

20 first tubular memt>er to a second tubular member is provided that includes means for 
plastically deforming and radially expanding a first portion of the first tubular member to 
a first outside diameter, means for plastically defonming and radially expanding another 
portion of the first tubular member to a second outside diameter, means for positioning 
the second tubular member inside \he first tubular member In overtapping relation to 

25 the first portion of the first tubular member, means for plastically deforming and radially 
expanding the second tubular member to a tiiird outside diameter, and 

m ea ns for pla s tic al ly defomiing and r a d i a l ly exp a n d in g Oie sec o n d t u bul a r member to a 

fourth outside diameter. The inside diameters of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal 

30 According to another aspect of the present invention, an apparatus for forming 

a wellbore casing wiUiin a wellbore is provided that includes means for supporting a 
tubular member within the wellbore, means for plastically deforming and radially 
expanding a first portion of the tubular member to a first outside diameter, and means 
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for plastically deforming and radially expanding a second portion of the tubular member 
to a second outside diameter. 

According to another aspect of the present invention, an apparatus for forming 
a wellbore casing within a weilbore is provided that includes a tubular support member 
5 including a first fluid passage, an expansion cone coupled to the tubular support 
member having a second fluid passage fluidicty coupled to the first fluid passage and 
an outer conical surface, a removable annular conical sleeve coupled to the outier 
conical surface of the expansion cone, an annular expansion cone launcher coupled to 
the conical sleeve and a lower portion of the tubular member, and a shoe having a 

1 0 vatveable passage coupled to an end of the expansion cone launcher. 

According to another aspect of the present invention, a method of forming a 
wellbore casing within a wellbore is provided that includes supporting a tubular member 
within a wellbore. plastically defomning and radially expanding a portion of the tubular 
. member to a first outside diiameter, and plastically deforming and radially expanding 

1 5 anottier portion of the tubular member to a second outside diameter. 

According to another aspect of the present invention, a method of forming a 
mono-diameter wellbore casing witiiin a wellbore is provided that includes supporting a 
first tubular member within the wellbore. plastically deforming and radially expanding a 
first portion of the first tubular member to a first outside diameter, plastically defomiing 

20 and radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, plastically deforming 
and radially expanding the second tubular member to a ttiird outside diameter, and 
plastically deforming and radially expanding the second tubular member to a fourth 

25 outside diameter. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. 

According to another aspect of fhe present invention, an apparatus for coupling a 
first tubular member to a second tubular member is provided that includes means for 
plastically deforming and radially expanding a first portion of the first tubular member to 

30 a first outside diameter, means for plastically deforming and radially expanding another 
portion of the first tubular member to a second outside diameter, means for positioning 
the second tubular mernber inside ttie first tubular member in overtapping relation to 
ttie first portion of the first tubular member, means for plastically deforming and radially 
expanding the second tubular member to a third outside diameter, and 
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means for plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter. The inside diameters of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal. 
According to another aspect of the present invention, an apparatus for 
5 plastically deforming and radially expanding a tubular memt)er is provided that includes 
means for providing a lipped portion in a portior> of the tubular member, and means for 
plastically defomiing and radially expanding another portion of the tubular member. 

According to another aspect of the present invention, an apparatus for 
plastically defonming and radially expanding a tubular member is provided that includes 

10 a tubular support member including a first fluid passage, an expansion cone coupled to 
the tubular support member having a second fluid passage fluidicly coupled to the first 
fluid passage and an outer conical surface, an annular expansbn cone launcher 
including: a first annular portion coupled to a lower portion of the tubular member, a 
second annular portion coupled to the first annular portion that mates with the outer 

15 conical surface of the expansion cone, a third annular portion coupled to the second 
annular portion having a first outside diameter, and a fourth annular portion coupled to 
the third annular portion having a second outside diameter, wherein the second outside 
diameter is less than the first outside diameter, and a shoe having a valveable passage 
coupled to fourth annular portion of the expansion cone launcher. 

20 According to another aspect of the present invention, a method of plastically 

defomiing and radially expanding a tubular memt^er is provided that includes providing 
a lipped portion in a portion of the tubular member, and plastically deforming and 
radially expanding another portion of the tubular member. 

According to another aspect of the present invention, a method of coupling a 

25 first tubular member to a second tubular member is provided that includes providing a 
lipped portion in a portion of the first tubular member, plastically deforming and radially 

e xp a nding a noth e r portion of the first tubul a r member, po s itioning the s ec o nd tu b u l ar — 

member inside the first tubular member in overiapping relation to the lipped portion of 
the first tubular member, and plastically deforming and radially expanding the second 

30 tubular member. The Inside diameters of the first and second tubular members after 
the plastic defbrmattons and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling 
a first tubular member to a second tubular member is provided that includes means for 
providing a lipped portion in the first tubular member, means for plastically deforming 
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and radially expanding another portion of the first tubular memt)er, means for 
positioning the second tubular member inside the first tubular memt>er in overlapping 
relation to the lipped portion of the first tubular member, and means for plastically, 
deforming and radially expanding the second tubular member. The inside diameters of 
5 the first and second tubular members after the plastic defonmations and radial 
expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for fonning 
a wellbore casing within a welihore is provided that includes means for supporting a 
tubular member within the wellboris, means for providing a lipped portion in the tubular 

10 member, and means for plastically deforming and radially expanding another portion of 
the tubular member to a second outside diameter. 

According to another aspect of the present invention, an apparatus for forming 
a wellbore casing within a wellbore is provided that includes a tubular support member 
including a first fluid passage, an expansion cone coupled to the tubular support 

1 5 member having a second fluid passage fluidicly coupled to the first fluid passage and 
an outer conical surface, an annular expansion cone launcher including: a first annular 
portion coupled to a lower portion of the tubular member, a second annular portion 
coupled to the first annular portion that mates with the outer conical surface of the 
expansion cone, a third annular portion coupled to the second annular portion having a 

20 first outside dianneter, and a fourth annular portion coupled to the third annular portion 
having a second outside diameter, wherein the second outside diameter is less than 
the first outside diameter, and a shoe having a valveable passage coupled to fourth 
annular portion of the expansion cone launcher. 

According to another aspect of the present invention, a method of forming a 

25 wellbore casing in a wellbore is provided that includes supporting a tubular member 
within the wellt>ore, providing a lipped portion in a portion of the tubular member, and 
plastically deforming and radially expanding another portion of the tubular member. 

According to another aspect of the present invention, a method of forming a 
mono-diameter wellbore casing within a wellt>ore is provided that includes supporting a 

30 first tubular member within the weljbore, providing a lipped portion in a portion of the 
first tubular member, plastically deforming and radially expanding another portion of the 
first tubular member, positioning the second tubular member inside the first tubular 
member in overlapping relation to the lipped portion of the first tubular member, and 
plastically deforming and radially expanding the second tubular member. The inside 



diameters of the first and second tubular memt>ers after the plastic defonfnations and 
radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for forming 
a mono-diameter welibore casing within a wellbore is provided that includes means for 
5 providing a lipped portion in the first tubular member, means for plastically deforming 
and radially expanding another portion of the first tubular member, means for 
positioning the second tubular member inside the first tubular member in overiapping 
relation to the lipped portion of the first tubular member, and means for plastically 
defonming and radially expanding the second tubular member. The inside diameters of 

1 0 the first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for 
plastically defonming and radially expanding a tubular member is provided ttiat includes 
means for plastically defonming and radially expanding a first end of ttie tubular 

15 member, and means for plastically defonming and radially expanding a second end of 
the tubular member. 

Acoording to another aspect of the present invention, an apparatus for 
plastically deforming and radially expanding a tubular member is provided that includes 
a tubular support member including a first passage, an expansion cone coupled to the 

20 tubular support having a second passage fluididy coupled to the first passage and an 
outer conical surface, an annular expansion cone launcher movably coupled to outer 
conical surface of the expansion cone, an expandable tubular member coupled to an 
end of the annular expansion cone launcher, a shoe coupled to another end of ttie 
annular expansion cone launcher having a vatveable fluid passage, and another 

25 annular expansion cone movably coupled to the tubular support member. The annular 
expansion cones are positioned in opposite orientations. 

: Accord i ng to a noth e r as p e ct of th e pr ese nt inv e ntion, a method of pl as tic al ly — 

deforming and radially expanding a tubular member is provided that includes plastically 
deforming and radially expanding a first end of the tubular memt>er, and plastically 

30 deforming arid radially expanding a second end of the tubular member. 

According to another aspect of \he present invention, a method of coupling a 
first tubular member to a second tubular member Is provided that includes positioning 
the second tubular member inside the first tubular member in an overlapping 
relationship, plastically deforming and radially expanding the end of the second tubular 
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member that overlaps with the first tubular mernber, and plastically deforming and 
radially expanding the remaining portion of the second tubular memt>er. 

According to another aspect of the present invention, an apparatus for coupling 
a first tubular member to a second tubular member is provided that includes means for 
5 positioning the second tubular mernber inside the first tubular member in an 

overlapping relationship, means for plastically deforming and radially expanding the 
end of the second tubular member that overlaps with the first tubular member, and 
means for plastically deforming and radially expanding the remaining portion of the 
second tubular member. 

1 0 According to another aspect of the present invention, an apparatus for forming 

a wellbore casing within a wellbore is provided that includes means for supporting a 
tubular member within the wellbore, means for plastically deforming and radially 
expanding a . first end of the tubular nnember, and means for plastically deforming and 
radially expanding a second end of the tubular meniber.- 

1 5 According to another aspect of the present invention, an apparatus for fomiing 

a wellbore casing within a wellbore is provided that includes a tubular support member 
Including a first passage, an expansion cone coupled to the tubular support having a 
second passage fluididy coupled to the first passage and an outer conical surface, an 
annular expansion cone launcher movably coupled to outer conical surface of the 

20 expansion cone, an expandable tubular member coupled to an end of the annular 
expansion cone launcher, a shoe coupled to another end of the annular expansion 
cone launcher having a valveable fluid passage, and another annular expansion cone 
movably coupled to the tubular support member. The annular expansion cones are 
positioned in opposite orientatioris. 

25 According to another aspect of the present inventiori, a method of forming a 

wellbore casing within a wellbore is provided that includes plastically deforming and 
radially expanding a first end of the tubular member, and plastically deforming and 
radially expanding a second end of the tubuter member. 

According to another aspect of the present invention, a method of forming a 

30 wellt>ore casing within a wellbore is provided that includes plastically deforming and 
radially expanding a first tubular member within the wellbore, positioning a second 
tubular member inside the first tubular member in an overlapping relationship, 
plastically deforming and radially expanding the end of the second tubular member that 
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overlaps with the first tubular member. arKi plastically deforming and radially expanding 

the remaining portion of the second tubular member. 

According to another aspect of the present invention, an apparatus for forming 

a wellbore casing within a wellbore is provided that includes means for plastically 
5 deforming and radially expanding a first tubular member within the wellbore, means for 

positioning the second tubular member inside the first tubular member In an 

overlapping relationship, means for plastically deforming and radially expanding the 

end of the second tubular memberthat overlaps with the first tubular nrmmber. and 

means for plastically defomiing and radially expanding the remaining portton of the 
1 0 second tubular member 

According to another aspect of the present invention, an apparatus for bridging 

an axial gap between opposing pairs of wellbore casing within a wellbore is provided 

that includes means for supporting a tubular member In overlapping relation to the 

opposing ends of the wellbore casings, means for plastically defonming and radially 
15 expanding the tubular member, and 

means for plastically defonming and radially expanding the tubular member and the 

opposing ends of the wellbore casings. 

According to another aspect of the present invention, a method of bridging an 

axial gap between opposing pairs of wellbore casing within a wellbore Is provided that 
20 includes supporting a tubular member In overlapping relation to the opposing ends of 

the wellbore casings, plastically deforming and radially expanding the tubular member. 

and plastically deforming and radially expanding the tubular member and the opposing 

ends of the wellbore casings. 

According to another aspect of the present invention, a method of forming a 
25 stnjcture having desired strength characteristics is provided that includes providing a 

first tubular member, and plastically deforming and radially expanding additional tubular 
m emb er s onto th e i nt e rior surf ac e of the first tubul a r member unt i l the de s ired strength 

characteristics are achieved. 

According to another aspect of the present invention, a method of forming a 
30 wellbore casing within a wellbore having desired strength characteristics is provided 

that includes plastically defomning and radially expanding a first tubular member within 

. the wellbore, and plastically defomning and radially expanding additional tubular 

members onto the Interior surface of the first tubular member until the desired strength 

characteristics are achieved. 
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According to another aspect of the present invention, a method of coupling a 
first tubular memt>er to a second tubular nnember, the first tubular member having an 
original outside diameter ODq and an original wall thickness to, is provided that includes 
plastically deforming and radially expanding a first portion of the first tubular mernber to 

5 a first outside diiameter, plastically defonming and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
first tubular member, plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially expanding 

10 the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic deformations and radial expansions 
are substantially equal, and the ratio of the original outside diameter ODo of the first 
tubular member to the original wall thickness to of the first tubular member is greater 
than or equal to 16. 

1 5 According to another aspect of the present invention, a method of forming a 

mono-diameter wellbore casing is provided that includes positioning a first tubular 
member within a wellbore. the first tubular member having an original outside diameter 
ODq and an original wall thickness t©. plastically defonming and radially expanding a 
first portion of the first tubular member to a first outside diameter, plastically deforming 

20 and radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 
overtapping relation to the first portion of the first tubular member, plastically defomning 
and radially expanding the second tubular meml>er to a third outside diameter, and 
plastically deforming and radially expanding the second tubular member to a fourth 

25 outside diameter. The inside diameters of the first and second tubular members after 
the plastic defonmations and radial expansions are substantially equal, and the ratio of 
the original outside diameter ODo of the first tubular member to the original wall 
thickness to of the first tubular member is greater than or equal to 16. 

According to another aspect of the present invention, an apparatus is provkled 

30 that includes a plastically defonmed and radially expanded tubular member having a 
first portion having a first outside diameter and a remaining portion having a second 
outside diameter. The ratio of the original outside diameter ODo of the first tubular 
member to the original wall thickness to of the first tubular member is greater than or 
equal to 16. 
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According to another aspect of the present invention, an apparatus is provided 
that includes a plastically defonmed and radially expanded first tubular nnemt)er having 
a first portion having a first outside diameter and a remaining portion having a second 
outside dianrteter. and a plastically defonmed and radially expanded second tubular 
5 member coupled to the first portion of the first tubular member. The ratio of the original 
outside diameter ODo of the first tubular member to the original wall thickness to of the 
first tubular member rs greater than or equal to 16. 

According to another aspect of the present invention, a wellbore casing formed 
in a wellbore is provided that Includes a plastically deformed and radially expanded first 

10 tubular member having a first portion having a first outside diameter and a remaining 
portion having a second outside diameter, arid a plastically defomied and radially 
expanded second tubular member coupled to the first portion of the first tubular 
member. The ratio of the original outside diameter ODo of the first tubular member to 
the original wail thiclcness to of the first tubular member is greater than or equal to 16. 

1 5 According to another aspect of the present inventlori, an apparatus is provided 

that includes a plastically defonmed and radially expanded tubular member. The ratio 
of the original outside diameter ODo of the tubular member to the original wall thickness 
to of the tubular member is greater than or equal to 16. 

Brief Description of the Drawings 

20 Fig. la is a aoss sectional illustration of a wellbore including a preexisting 

wellbore casing. 

Fig. 1 b is a aoss-sectional illustration of the placement of an emt)odiment of an 
apparatus for radially expanding a tubular member into the wellbore of Fig. la. 

Fig. 1c is a cross-sectional illustratk)n of the injection of fluidic materials through 
25 the apparatus of Fig. lb. 

Fig. Id Is a cross-sectional illustration of the injection of hardenabfe fluidic 

sea ling m a t e ri a l s through the a p pa r a tus of F i g . 1c 

Fig, 1e is a cross-sectfonal illustration of the pressurization of the region below 
the expansion cone of the apparatus of Fig. Id. 
30 Fig. 1 f is a cross-sectional illustration of the continued pressurization of the 

region below the expansion cone of the apparatus of Fig! 1e. 

Fig. 1 g is a cross-sectional illustration of tlie continued pressurization of the 
region below the expansion cone of the apparatus of Fig. If following the removal of 
the over-expansion sleeve. 
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Fig. 1 h is a cross-sectional illustration of the completion of the radial expansion 
of the expandable tubular memt>er of the apparatus of Fig. 1g. 

Fig. 1 i is a cross*sectional jllustratioh of the drilling out of a new section of the 
wellbore below the apparatus of Fig. 1h. 
5 Fig. 1 j is a cross-sectional illustration of the radial expansion of another 

expandable tubular member that overiaps with the apparatus of Fig. 1 i. 

Fig. Ik is a cross-sectional Illustration of the secondary radial expansion of the 
other expandable tubular member of the apparatus of Fig. 1 1. 

Fig. 11 is a cross-sectional illustration of the completion of the secondary radial 
10 expansion of the other expandable tubular member of Fig. Ik to fonii a nrwno-diameter 
wellbore casing. 

Fig. 2a is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 2b is a cix>ss-sectional illustratk)n of the placement of an embodiment of an 
15 apparatus for radially expanding a tubular member into the wellbore of Fig. 2a. 

Fig. 2c is a cross-sectk>nal illustration of the injection of fluidic materials through 
the apparatus of Fig. 2b. 

Fig. 2d is a cross-sectional illustration of Uie injection of hardenable fluidic 
sealing materials through the apparatus of Fig, 2c. 
20 Fig. 2e is a cross-sectional illustration of ttie pressurization of the region below 

the expansion cone of the apparatus of Fig. 2d. 

Fig. 2f is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 2e. 

Fig. 2g is a cross-sectional lllusti^tion of the completion of the radial expansion 
25 of the expandable tubular member of the apparatus of Fig. 2f. 

Fig. 2h is a cross-sectional illustiBtion of the drilling out of a new section ct the 
wellbore below the apparatus of Fig. 2g. 

Fig. 2i Is a cross-sectional illustration of the radial expansion of arKDther 
expandable tubular member that overiaps with the apparatus of Fig. 2h. 
30 Fig. 2j is a cross-sectional illustration of the secondary radial expansion of the 

other expandable tubular member of the apparatus of Fig. 2i. 

Fig. 2k is a cross-sectional illustration of the completion of the secondary radial 
expansion of the oVt\& expandable tubular member of Fig. 2j to form a mono-diameter 
wellbore casing. 
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Fig. 3 is a aoss-sectional illustration of the apparatus of Fig. 2b illustrating the 
design and construction of the over-expansion insert 

Fig. 3a is a cross-sectional illustration of an alternative ennt)odiment of the over- 
expansion insert of Rg. 3. 
5 Fig. 4 is a cross-sectional illustration of an alternative embodiment of the 

apparatus of Fig. 2b including a resilient hook for retrieving the over-expansion insert 

Rg. 5a is a cross-sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. Sb is a cross-sectional illustration of the fonnation of a new section of 
10 wellbore casing in the wellbore of Fig. 5a. 

Rg. 5c IS a fragmentary cross-sectional illustration of the placement of an 
inflatable bladder into the new section of the wellbore casing of Fig. 5b. 

Rg. 5d is a fragmentary cross-secdonal illustration of the Inflation of the 
inflatable bladder of Fig. 5c. 
15 Fig. 5e is a cross-sectional illustration of the new section of wellbore casing of 

Fig. 5d after over-expansion. 

Fig. 5f is a cross-sectional illustration of the riew section of wellbore casing of 
, Fig. 5e after drilling out a new sectton of the wellbore. 

Rg. 5g is a cross-sectional illustration of the fomDatlon of a mono-diameter 
20 wellbore casing that includes the new section of the wellbore casing and an additional 
section of wellbore casing. 

Fig. 6a is a cross-sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 6b is a cross-sectional illustration of the formation of a new section of 
25 wellbore casing in the wellbore of Fig. 6a. 

Fig. 6c is a fragmentary cross-sectional illustration of the placement of a roller 

ra d ia l e xp a nsion d e vic e i nto th e new section of the we ll bor e cas i ng of Fig. 6 b. — 

Fig. 6d is a cross-sectional illustration of the new section of wellbore casing of 
Fig. 6c after over-expansion. 
30 Fig. 6e is a cross-sectional illustration of the new section of wellbore casing of 

Fig. 6d after dniling out a new section of the wellbore. 

Fig. 6f Is a cross-sectional illustration of the formation of a mono-diameter 
wellbore casing that includes the new section of the wellbore casing and an additional 
section of wellbore casing. 
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Fig. 7a is a aoss sectional illustration of a wellbore Including a preexisting 
wellt>ore casing. 

Fig. 7b Is a aoss-sectional illustration of the placement of an embodiment of an 
apparatus for radially expanding a tubular member into the wellbore of Fig. 7a. 
5 Fig. 7c is a cross-sectional Illustration of the injection of fiuidic materials through 

the apparatus of Rg. 7b. 

Fig. 7d Is a cross-sectional illustration of the injection of hardenable fiuidic 
sealing materials through the apparatus of Fig. 7c. 

Fig. 7e is a cross-sectional illustration of the pressurization of the region below 
1 0 the expansion cone of the apparatus of Fig. 7d. 

Fig. 7f is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 7e. 

Fig. 7g is a cross-sectional Illustration of the completion of the radial expansion 
of the expandable tubular member of the apparatus of Fig. 7f. 
1 5 Fig. 7h Is a cross-sectional illustration of the drilling out of a new section of the 

wellbore below the apparatus of Fig. 7g. 

Fig. 7i is a cross-sectional illustration of the completion of the radial expansion 
of another expandable tubular member to fomn a mono-diameter wellbore casing. 
Fig. 8d is cross-sectional illustration of an wellbore including a preexisting 
20 section of wellbore casing having a recessed portion. 

Fig. 8b is a cross-sectional illustration of the placement of an apparatus for 
radially expanding a tubular member within the wellbore of Fig. 8a. 

Fig. 8c is a cross-sectional illustration of the injection of fiuidic materials through 
the apparatus of Rg. 8b. 
25 Fig. 8d is a cross-sectional illusti^tion of the injection of a hardenable fiuidic 

sealing material ttirough the apparatus of Fig. 8c. 

Fig. 8e Is cross-secUonai illustration of the isolation of the region below the 
expansion cone and within the exparision cone launcher of the apparatus of Fig. 8d. 
Fig. 8f is a cross-sectional illustration of the plastic deformation and radial 
30 expansion of the upper portion of the expandable tubular member of the apparatus of 
Fig. 8e. 

Fig. 8g is a cross-sectional illustration of the removal of the upper expansion 
cone from the wellbore of fig. 8f. 
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Fig. 8h is a cross-sectional illustration of the continued pressurization of the 
region t>elow the expansion cone of the apparatus of Fig. 8g to thereby plastically 
deform and radially expand the expansion cone launcher and expandable tubular 
member. 

5 Fig. 8i is a cross-sectional illustration of the completion of the initial radial 

expansion process of the apparatus of Rg. 8h. 

Fig. 8j is a cross-sectional illustration of the further radial expansion of the 
apparatus of Fig. 8i in order to fomi a mono-diameter wellbore casing. 

Fig. 9a is a aoss-sectionat illustration of a wellbore including upper and lower 
1 0 preexisting wellbore casings that are separated by an axial gap. 

Fig. 9b is a cross-sectionai illustration of the coupling of a tubular member to 
the opposing ends of the wellbore casings of Fig. 9a. 

Rg. 9c is a fragmentary cross-sectional illustration of the placement of a radial 
expansion device into the tubular member of Fig. 9b. 
1 5 Rg. 9d is a fragmentary cross-sectional illustration of the actuation of the radial 

expansion device of Rg. 9c. 

Fig. 9e is a cross-sectional of a mono-diameter wellbore casing generated by 
the actuation of the radial expanston device of Fig. 9d. 

Rg. 10 is a cross-sectional illustration of a mono-diameter wellbore casing that 
20 includes a plurality of layers of radially expanded tubular members along at least a 
portion of the its length. 

Fig. 1 la is a aoss-sectional illustration of a wellbore including a casing formed 
by plastically deforming and radially expanding a first tubular member. 

Fig. 11b is a cross-secUonal illustration of a wellbore including another casing 
25 coupled to the preexisting casing by plastically deforming and radially expanding a 
second tubular memt)er. 

Fig. 11g is a cross -se ctional il l ustration of a mono - d ia meter w e llbo re casin g 

fonmed by radially expanding the second tubular member a second time. 

Detailed Description 

30 Several embodiments of methods and apparatus for forming a mono-diameter 

wellbore casing are disclosed. In several altemative emtxKliments, the methods and 
apparatus may be used for form or repair mono-diameter wellbore casings, pipelines, 
or stmctural supports. Furthermore, while the present illustraUve embodiments are 
described with reference to the fonmation of mono-diameter wellbore casings, the 



teachings of the present disclosure have general application to the formation or repair 
of wellbore casings, pipelines, and structural supports. 

Referring initially to Fig. 1a, a wellbore 10 includes a preexisting wellbore 
casing 15. The wellbore 10 nr^ay be oriented in any orientation from the vertical to the 

5 horizontal. The preexisting wellbore casing 15 may be coupled to the upper portion of 
the wellbore 10 using any number of conventional methods. In a prefenBd 
embodiment, the wellbore casing 15 is coupled to the upper portion of the wellbore 10 
using one or more of ttie methods and apparatus disclosed in one or more of the 
following: (1) U.S. patent application serial no. 09/454,139, attorney docket no. 

10 25791.03.02. filed on 12/3/1999. (2) U.S. patent application serial rio. 09/510,913, 
attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial 
no. 09/502.350, attorney docket no. 25791.8.02. filed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440,338, attomey docket no. 25791.9.02, filed on 11/15/1999, 
. (5) U.S. patent application serial no. 09/523,460, attomey docket no. 25791.1 1.02, filed 

15 on 3/10/2000, (6) U.S. patent application serial no. 09/512,895, attomey docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/511,941, 
attomey docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial 
no. 09/588.946, attomey docket no. 25791.17.02. filed on 6/7/2000, (9) U.S. patent 
application serial no. 09/559,122, attomey docket no. 25791.23.02, filed on 4/26/2000, 

20 (10) PCT patent application serial no. PCT/USOO/1 8635, attomey docket no. 
25791.25,02. filed on 7/9/2000. (11) U.S. provisional patent application serial no. 
60/162.671. attomey docket no. 25791.27. filed on 1 1/1/1999, (12) U.S. provisional 
patent application serial no. 60/154,047. attomey docket no. 25791.29, filed on 
9/16/1999. (13) U.S. provisional patent application serial no. 60/159,082, attomey 

25 docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial 
no. 60/159.039, attomey docket no. 25791.36, filed on 10/12/1999, (15) U.S. 
provisional patent application serial no. 60/159.033, attomey docket no. 25791.37, filed 

on 10/12/1999, (16) U.S. provisional patent application serial no. ^ . 

attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent 

30 application serial no. 60/1 65,228, attomey docket no. 25791 .39, filed on 1 1 /1 2/1 999, 

(18) U.S. provisional patent application serial no. ^, attomey docket no. 

25791 .45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attomey docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attomey docket no. 25791 .47, 
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filed on 9/18/2000, the disclosures of which are incorporated herein by reference. 
More generally* the preexisting wellbore casing 15 may be coupled to another 
preexisting wellbore casing and/or may include one or more concentrically positioned 
tubular members. 

5 Refem'ng to Rg. lb, an apparatus 100 for radially expanding a tubular member 

may then be positioned within the wellbore 10. The apparatus 100 includes a tubular 
support member 1 05 defining a passage 110 for conveying fluidic materials. An 
expansion cone 115 defining a passage 120 and having an outer conical surface 125 
for radially expanding tubular members is coupled to an end of the tubular support 

10 member 105. An.aruMaLCOhical over-expansion sleeve 130 mates with and is 
removably coupled to the outer conical surface 1 25 of the expansion cone 115. In 
several alternative embodiments, the over-expansion sleeve 130 is fabricated from 
frangible materials such as, for example, ceramic materials, in onler to ^cilitate the 
removal of the over-expansion sleeve during operation of the apparatus 100. In this 

15 manner, tiie amount of radial expansion provided by the apparatus may be decreased 
following the removal of the over-expansion sleeve 1 30. 

An expansion cone launcher 135 Is movably coupled to and supported by the 
expansion cone 115 and the over-expansion sleeve 130. The expansion cone 
launcher 135 include an upper portion having an upper outer diameter, an intermediate 

20 portion fliat mates with the expansion cone 1 15 and the over-expansion sleeve 130, an 
a lower portion having a lower outer diameter. The lower outer diameter is greater than 
the upper outer diameter. A shoe 140 defining a valveable passage 145 is coupled to 
the lower portion of the expansion cone launcher 135. In a preferred embodiment, the 
valveable passage 145 may be controllably closed in order to fluidldy isolate a region 

25 150 below the expansion cone 115 and bounded by the lower portion of the expansion 
cone launcher 135 and the shoe 140 from the region outside of the apparatus 100. 

An e xpand a b le tubu l ar member 155 i s c o u pl ed t o the upper portion of ttie _ 

expansion cone launcher 135. One or more sealing members 160a and 160b are 
coupled to the exterior of the upper portion of the expandable tubular member 155. In 

30 several alternative embodiments, the sealing members 160a and 160b may Include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more arichoring elenrtents may substituted for, or used 
in addition to, the sealing members 160a and 160b. 
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In a preferred embodiment, the support member 105. the expansion cone 115, 
the expansion cone launcher 135, the shoe 140, and the expandable tubular member 
1 55 are provided substantially as disclosed in one or more of the following: (1 ) U.S. 
patent application serial no. 09/454,139, attorney docket no. 25791 .03.02. filed on 
5 12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney docket no. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent appHcatton serial no. 09/502,350, . 
attorney docket no. 25791.8.02, filed on 2/10/2000. (4) U.S. patent application serial 
no. 09/440.338, attorney docket no. 25791 .9.02, filed on 11/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attomey docket no. 25791.11.02, filed on 3/10/2000, 

10 (6) U.S. patent application serial no. 09/512,895, attomey docket no. 25791 .12.02, filed 
on 2/24/2000. (7) U.S. patent application serial no. 09/511.941. attomey docket no. 
25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 09/588,946. 
attomey docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial 
no. 09/559,1 22. attomey docket no. 25791 .23.02. filed on 4/26/2000. (10) PCT patent 

1 5 applicatton serial no. PCT/USOO/1 8635, attomey docket no. 25791 .25.02, filed on 

7/9/2000, (1 1 ) U.S. provisional patent applteation serial no. 60/1 62,671 , attomey docket 
no. 25791.27, filed on 11/1/1999, (12) U.S. provisional patent application serial no. 
60/154,047, attomey docket no. 25791.29. filed on 9/16/1999, (13) U.S. pnDVisional 
patent application serial no. 60/159,082, attorney docket no. 25791.34, filed on 

20 10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attomey 

docket no. 25791.36, filed on 10/12/1999. (15) U.S. provisional patent application serial 
no. 60/159,033, attomey docket no. 25791.37, filed on 10/12/1999. (16) U.S. 

provisional patent application serial no. attomey docket no. 

25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 

25 60/165,228. attomey docket no. 25791.39, filed on 1 1/12/1999. (18) U.S. provisional 

patent application serial no. , attomey docket no. 25791.45. filed on 

7/28/2000, (19) U.S. provisional patent application serial no. , attomey 

docket no. 25791.46, filed on 7/28/2000. and (20) U.S. provisional patent application 
serial no. . attomey docket no. 25791.47, filed on 9/18/2000, the 

30 disclosures of which are incorporated herein by reference. 

As illustrated in Fig. lb, in a prefened embodiment, during placement of the 
apparatus 100 within the wellbore 10, fluidic materials 165 within the wellbore 10 are 
conveyed through the apparatus 100 through the passages 1 10, 120 and 145 to a 
location above the apparatus 100. In this manner, surge pressures during placement 
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of the apparatus 100 within the wellbore 10 are reduced. In a preferred embodiment, 
the apparatus 100 is initially positioned within the wellbore 10 such that the top portion 
of the tubular member 155 overlaps with the preexisting casing 15. In this manner, the 
upper portion of the expandable tubular member 155 may be radially expanded into 
5 contact with and coupled to the preexisting casing 15. As will be recognized by 
persons having ordinary skill in the art, the precise initial position of the expandable 
tubular member 155 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expansion, and the material properties of the 
expandable tubular member. 

10 As illustrated in Fig. 1c. a fluidic material 170 may then be injected through the 

apparatus iOO through the passages 110, 120, and 145 in order to test the proper 
operatk>n of these passages. 

As illustrated in Fig. 1d, a hardenabie fluidic sealing material 175 may then be 
injected through the apparatus 100 through the passages 1 10, 120 and 145 Into the 

15 annulus betvi/een the apparatus and the wellbore 10. In this manner, an annular barrier 
to fluid migration into and out of the wellbore 10 may be fonned around the radially 
expanded e)^nsk)n cone launcher 135 and expandable tubular member 155. The 
hardenabie fluidic sealing material may include, for example, a cement mixture. In 
several altemative embodiments, the injection of the hardenabie fluidic sealing material 

20 175 may be omitted. In several altemative embodiments, Uie hardenabie fluidic sealing 
material 175 is compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 1e, a non-hardenable fluidic material 180 may then be 
injected into the apparatus through the passages 110 and 120. A ball plug 185. or 
other similar device, may then be injected with the fluidic material 1 80 to thereby seal 

25 off the passage 145. In this manner, the region 150 may be pressurized by the 
continued injection of the fluidic niaterial 180 into ttie apparatus 100. 

As i!|t |gtratAH in Pt j 1f thft rontinned injection of the fluidic material 180 into the 

apparatus 100 causes the expansion cone launcher 135 and expandable tubular 
member 155 to be plastically deformed and radially expanded off of the over-expansion 

30 sleeve 130. In this rrWnner. the expansion cone 115 and over-expanston sleeve 130 
are displaced relative to the expansion cone launcher 135 and expandable tubular 
member 155 in the axial direction. 

After a predetemnined time period and/or after a predetermined axial 
displacement of ttie expanston cone 115 relative to the expansion cone launcher 135 



19 



and expandable tubular member 155, the over-expansion sleeve 130 may be removed 
from the outer conical surface 125 of the expansion cone 1 15 by the application of a 
predetenmined upward shock load to the support member 105. In a prefen-ed 
embodiment, the shock load causes the frangible over-expansion sleeve 130 to 
5 fracture into small pieces that are then forced off of the outer conical surface 125 of 
the expansion cone 1 1 5 by the continued pressurization of the region 1 50. In a 
preferred embodiment, the pieces of the over-expansion sleeve 130 are pulverized into 
grains of material by the continued pressurizatton of the region 1 50. 

Refening to Fig. 1g, following the removal of the frangibile over-expansion 

10 sleeve 130. the continued pressurization of the region 150 causes the expandable 
tubular member 155 to be plastically deformed and radially expanded and extmded off 
of the outer conical surface 125 of the expanston cone 115. Note that the amount of 
radial expansion provided by the outer conical surface 125 of expanston cone 115 is 
less than the amount of radial expansion provided by the combination of the over- 

15 expansion sleeve 130 and the expansion cone 115. In this manner, as Illustrated in 
Fig. 1h. a recess 185 is fomned in the radially expanded tubular member 155. 

After completing the plastic deformation and radial expansion of the tubular 
member 155, the hardenable fluidic sealing material is allowed to cure to thereby form 
an annular body 190 that provides a banier to fluid flow into or out of the wellbore 10. 

20 Refemng to Fig. 1i, the shoe 140 may then removed by drilling out the shoe 

using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out in order to pemiit additional expandable tubular members to be coupled to 
the bottom portion of the plastically defomied and radially expanded tubular member 
155. 

25 Referring to Fig. 1j, a tubular member 200 may then be plastically defonned 

and radially expanded using any number of conventional methods of radially expanding 
a tubular member. In a prefenred embodiment, the upper portion of the radially 
expanded tubular member 200 overiaps with and mates with the recessed portion 1 85 
of the tubular member 155. In a preferred embodiment, one or more sealing members 

30 205 are coupled to the exterior surface of the upper portion of the tubular member 200. 
In a preferred embodiment, the sealing members 205 seal the interfoce between the 
upper portton of the tubular nnember 200 and the recessed portion 185 of the tubular 
member 155. In several altemative embodiments, the sealing memt)ers 205 may 
include elastomeric elements and/or metallic elements and/or composite elements. In 
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several alternative embcxJiments, one or more anchoring elements may substituted for, 
or used in addition to, the sealing memt)ers 205. In a prefenred embodiment, an 
annular body 210 of a hardenable fluidic sealing material is also fomiied around the 
tubular member 200 using one or more conventional methods. 
5 In a preferred embodiment, the tubular member 200 is plastically defonmed and 

radially expanded, arxi the annular body 210 is formed using one or more of the 
apparatus and methods disclosed In the following: (1) U.S. patent application serial no. 
09/454.139, attorney docket no! 25791.03.02. filed on 12/3/1999, (2) U.S. patent 
application serial no. 09/510,913, attorney doci<et no. 25791.7.02, filed on 2/23/2000, 

10 (3) U.S. patent application serial no. 09/502,350, attorney docket no. 25791 .8.02, filed 
on 2/10/2000, (4) U.S. patent applicatk>n serial ru). 09/440,338, attorney docket no. 
25791.9.02, filed on 11/15/1999, (5) U.S. patent application serial no. 09/523,460. 
attorney docket no. 25791 .1 1 .02, filed on 3/1 0/2000. (6) U.S. patent application serial 
no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000. (7) U.S. patent 

15 . applicatton serial no. 09/511,941, attorney docket no. 25791.16.02. filed on 2/24/2000, 
(8) U.S. patent application serial no. 09/588,946, attorney docket no. 25791.17.02, filed 
on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attorney docket no. 
25791.23.02, filed on 4/26/2000, (10) PCT patent applicatton serial no. 
PCT/USOO/18635. attorney docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. 

20 provisional patent application serial no. 60/1 62.671 . attorney docket no. 25791 .27, filed 
on 11/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attorney 
docket no. 25791,29, filed on 9/16/1999, (13) U.S. provisional patent application serial 
no. 60/159.082. attorney docket no. 25791 .34, filed on 10/12/1999. (14) U.S. 
provisional patent application serial no. 60/159.039, attorney docket no. 25791.36. filed 

25 on 10/12/1999. (15) U.S. provisional patent application serial no. 60/159.033, attorney 
docket no. 25791.37, filed on 10/12/1999. (16) U.S. provisional patent application serial 

no. . a ttorney dod^et no , 25791 , 38 , filed o n 6/1 9/2000 . (1 7) U .S — _ 

provisional patent application serial no. 60/165.228, attorney docket no. 25791.39. filed 
on 11/12/1999, (18) U.S. provisional patent application serial no. . 

30 attorney docket no. 25791 .45. filed on 7/28/2000, (19) U.S. provisional patent 

application serial no. attorney docket no, 25791.46. filed on 7/28/2000, 

and (20) U.S. provisional patent application serial no. , attorney docket 

no. 25791 .47, filed on 9/1 8/2000, the disck>sures of which are incorporated herein by 
reference. 
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In an alternative embodiment, the annular body 210 may be omitted. In several 
alternative embodiments, the annular body 210 may be radially compressed before, 
during and/or after curing. 

Refening to Fig. Ik, an expansion cone 215 may then be driven in a downward 
direction by fluid pressure and/or by a support member 220 to plastically deform and 
radially expand the tubular member 200 such that the interior diameter of the tubular 
members 155 and 200 are substantially equal. In this manner, as illustrated in Fig. 11. 
a mono-diameter wellbore casing may be fonned. 

Refening to Figs. 2a and 2b. in an altemative embodiment, an apparatus 300 
for radially expanding a tubular member may then be positioned within the wellbore 1 0. 
The apparatus 300 Includes a tubular support member 305 defining a passage 310 for 
conveying fluidic materials. An expansion cone 315 defining a passage 320 and 
having an outer conical surface 325 for radially expanding tubular members is coupled 
to an end of the tubular support member 305. An annular conical over-expansion 
Insert 330 mates with and is removably coupled to the outer conical surface 325 of the 
expansion cone 315. 

An expansion cone launcher 335 is movably coupled to and supported by the 
expansion cone 315 and the over-expansion insert 330. The expansion cone launcher 
335 includes an upper portion having an upper outer diameter, an intermediate portion 
that mates with the expansion cone 315 and the over-expansion insert 330, an a lower 
portion having a lower outer diameter. The lower outer diameter is greater than the 
upper outer diameter. A shoe 340 defining a valveable passage 345 is coupled to the 
lower portion of the expansion cone launcher 335. In a prefen^ embodiment, the 
valveable passage 345 may be controllably closed in order to fluidicly isolate a region 
350 below the expansion cone 315 and bounded by the lower portion of the expansion 
cone launcher 335 and the shoe 340 from the region outside of the apparatus 300. 

In a preferred embodiment, as illustrated In Fig. 3, the over-expansion insert 
330 includes a plurality of spaced^part arcuate inserts 330a, 330b, 330c and 330d that 
are positioned between the outer conical surface 325 of the expansion cone 315 and 
the inner surface of the intermediate portion of the expansion cone launcher 335. In 
this manner, the relative axial displacement of the expansion cone 315 and the 
expanston cone launcher 335 will cause the expansion cone to over-expand the 
intermediate portion of the expansion cone launcher. In this manner, a recess may be 
formed in the radially expanded expansion cone launcher 335. In several altemative 
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embodiments, the inserts 330a. 330b, 330c. and 330d fall out of the recess and/or are 
removed from the recess using a conventional retrieval tool upon the completion of the 
radial expansion process. 

In an alternative embodiment, as illustrated in Fig. 3a. the over expansim insert 
330 further includes intermediate resilient members 331a, 331b. 331c. and 331 d for 
resiliently coupling the inserts 330a. 330b, 330c. and 330d. In this manner, upon the 
completion of the radial expansion process, the resilient force exerted by the resiUent 
members 331 causes the over-expansion insert to collapse in the radial direction and 
thereby fall out of the recess. 

An expandable tubular member 355 is coupled to the upper portion of the 
expansion cone launcher 335. One or more sealing members 360a and 360b are 
coupled to the exterior of the upper portion of the expandable tubular member 355. In 
several alternative embodiments, the sealing members 360a and 360b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used 
In addition to, the seeing members 360a and 360b. 

In a preferred embodiment, the support member 305, the expansion cone 31 5. 
the expansion cone launcher 335. the shoe 340. and the expandable tubular member 
355 are provided substantially as disclosed in one or more of the following: (1 ) U.S. 
patent application serial no. 09/454.1 39. attorney docket no. 25791 .03.02. filed on 
12/3/1999. (2) U.S. patent application serial no. 09/510.913, attorney docket no. 
25791.7.02. filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, 
attorney docket no. 25791.8.02, filed on 2/10/2000. (4) U.S. patent application serial 
no. 09/440.338. attorney docket no. 25791.9.02. filed on 11/15/1999. (5) U.S. patent 
application serial no. 09/523,460, attomey docket no. 25791.11.02, filed on 3/10/2000. 
(6) U.S. patent application serial no. 09/512.895. attomey docket no. 25791.12.02. filed 
o n 2/ 24 / 2000. (7) " « pa*«"< appiiration serial no. 09/511.941. attorney docket no. 
25791 .16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 09/588.946, 
attomey docket no. 25791.17.02, filed on 6/7^000. (9) U.S. patent application serial 
no. 09/559,122. attomey docket no. 25791.23.02, filed on 4/26/2000, (10) PCX patent 
application serial no. PCTAJSOO/18635. attorney docket ho. 25791.25.02. filed on 
7/9/2000. (11) U.S. provisional patent application serial no. 60/162,671, attomey docket 
no. 25791.27. filed on 11/1/1999. (12) U.S. provistonal patent application serial no. 
60/154.047. attomey docket no. 25791.29. filed on 9/16/1999. (13) U.S. provisional 
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patent application serial no. 60/159,082, attorney docket no. 25791.34. filed on 
10/12/1999. (14) U.S. provisional patent application serial no. 60/159.039. attorney 
docket no. 25791.36, filed on 10/12/1999. (15) U.S. provisional patent application serial 
no. 60/159,033, attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. 

provisional patent appflcatun serial no. , attorney docket no. 

25791.38, filed on 6/19/2000, (17) U.S. provisional patent applicatton serial no. 
60/165.228, attorney docket no. 25791.39, filed on 11/12/1999. (18) U.S. provisional 

patent applicatkm serial no. • ' attorney docket no. 25791.45. filed on 

7/28/2000. (19) U.S. provisronal patent application serial no. , atfeMTiey 

docket no. 25791.46, filed on 7/28/2000, and (20) U.S. provistonal patent application 

serial no. , , attorney docket ho. 25791.47, filed on 9/18/2000, the 

disctosures of which are incorporated Herein by reference. 

As illustrated in Fig. 2b, in a preferred embodiment, during placement of the 
apparatus 300 within the wellbore 10, fluidic. materials 365 within the wellbore 10 are 
conveyed through the apparatus 300 through the passages 31 0, 320 and 345 to a 
location above the apparatus 300. In this manner, surge pressures during placement 
of the apparatus 300 within the wellbore 10 are reduced. In a preferred embodiment, 
the apparatus 300 is initially positioned within the wellbore 10 such that the top portion 
of the tubular member 355 overlaps with the preexisting casing 15. In this manner, the 
upper portion of the expandable tubular member 355 may be radially expanded into 
contact with and coupled to the preexisting casing 15. As will be recognized by 
persons having ordinary skill in the art. the precise initial position of the expandable 
tubular member 355 will vary as a function of the amount of radial expansion, the 
amountof axial shrinkage during radial expansion, and the material properties of the 
expandable tubular member. 

As illustrated in Rg. 2c, a fluidic material 370 may then be injected through the 
apparatus 300 through the passages 310. 320. and 345 In order to test the proper 
operatwn of these passages. 

As illustrated In Fig. 2d, a hardenable fluidic sealing material 375 may then be 
injected through the apparatus 300 through the passages 310^ 320 and 345 into the 
annulus between the apparatus and the wellbore 10. In this manner, an annular barrier 
to fluid migratton into and out of the wellbore 1 0 may be fomned around the radially 
expanded expanskm cone launcher 335 and expandable tubular member 355. The 
hardenable fluklic sealing material may include, for example, a cement mixture. In 
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several alternative embodiments, the injection of the hardenable fluidic sealing material 
375 may be omitted. In several alternative embodiments, the hardenable fluidic sealing 
material 375 is compressible, before, during and/or after, the curing process. 

As Illustrated In Fig. 2e, a non4iardenable fluidic material 380 may then be 
5 injected into the apparatus through the passages 310 and 320. A ball plug 385. or 
other similar device, may then be Injected with the fluidic material 380 to thereby seal 
off the passage 345. In this manner, the region 350 may be pressurized by the 
continued injection of the fluidic material 380 into the apparatus 300. 

As illustrated In Rg. 2f, the continued injection of the fluidic material 380 into the 
10 apparatus 300 causes the expansion cone launcher 335 to be plastically defomried and 
radially expanded off of the over-expansion Insert 330. In this manner, the ej^ansion 
cone 315 is displaced relative to the expansion cone launcher 335 and expandable 
tubular member 355 In the axial direction. 

Once the radial expansion process has progressed beyond the over-expansion 
1 5 insert 330, the radial expansion of the expansion cone launcher 335 and expandable 
tubular member 355 is provided solely by the outer conical surface 325 of the 
expansion cone 315. Note that the amount of radial expansion provided by the outer 
conical suri^ace 325 of expansion cone 315 is less than the amount of radial expansion 
provided by the combination of the over-expansion insert 330 and the expansion cone 
20 31 5. In this manner, as illustrated In Fig. 2g, a recess 390 is fomied in the radially 
expanded tubular member 355. 

In several alternative embodiments, the over-expansion insert 330 is removed 
from the recess 390 by falling out and/or removal using a conventional retrieval tool. In 
an altemative embodiment, the resilient force provided by the resilient members 331a, 
25 331b, 331c. and 331 d cause the Insert 330 to collapse in the radial direction and 

thereby fait out of the recess 390. In an altemative embodiment, as illustrated in Fig. 4, 

one or more resilient hooks 395a and 3 95b a re c oupled to th e bottom of th e expans i on 

cone 315 for retrieving the over-expansion insert 330 during or after the completion of 
the radial expansion process. 
30 After completing the plastic deformation and radial expansion of the tubular 

member 355, the hardenable fluidic sealing material is allowed to cure to thereby form 
an annular body 400 that provides a barrier to fluid flow into or out of the wellbore 10. 

Referring to Fig. 2h, the shoe 340 may then removed by drilling out the shoe - 
using a conventional drilling device. A new section of the wellbore 10 may also be 
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drilled out in order to permit additional expandable tubular members to be c»upled to 
the bottom portion of the plastically defonmed and radially expanded tubular member 
355. 

Refem'ng to Fig. 2j, a tubular member 405 may then be plastically deformed 
5 and radially expanded using any number of conventional methods of radially expanding 
a tubular member. In a preferred embodiment/the upper portion of the radially 
expanded tubular member 405 overlaps with and mates with the recessed portion 390 
of the tubular member 355. In a prefenned embodiment, one or more sealing members 
410 are coupled to the exterior surface of the upper portion of the tubular member 405. 

10 In a preferred embodiment, the sealing members 41 0 seal the interface between the 
upper portion of the tubular member 405 and the recessed portion 390 of the tubular 
member 355. In several alternative embodiments, the sealing members 410 may 
include elastomeric elements and/or metallic elements and/or composite elements. In 
several alternative embodiments, one or nfK>re anchoring elements may substituted for, 

15 or used in addition to, the sealing members 41 0. In a prefen^ embodiment, an 
annular body 415 of a hardenable fluidic sealing material is also formed around the 
tubular member 405 using one or nrK>re conventional methods. 

In a preferred embodiment, the tubular member 405 is plastically defomned and 
radially expanded, and the annular body 415 is formed using one or more of the 

20 apparatus and methods disclosed in the following: (1 ) U.S. patent application serial no. 
09/454.139, attorney docket no. 25791.03.02, filed on 12/3/1999. (2) U.S. patent 
application serial no. 09/510,913. attorney docket no. 25791.7.02, filed on 2/23/2000. 
(3) U.S. patent application serial no. 09/502,350, attorney docket no. 25791.8.02, filed 
on 2/10/2000. (4) U.S. patent application serial no. 09/440,338, attorney docket no. 

25 25791.9.02. filed on 11/15/1999. (5) U.S. patent application serial no. 09/523,460, 
attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent application serial 
no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. patent 
application serial no. 09/51 1 ,941, attomey docket no. 25791.16.02, filed ori 2/24/2000, 
(8) U.S. patent application serial no. 09/588,946, attomey docket no. 25791.17.02, filed 

30 on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attomey docket no. 
25791 .23.02. filed on 4/26/2000, (10) PCT patent application serial no. 
PCT/USOO/18635. attomey docket no. 25791.25.02. filed on 7/9/2000, (11) U.S. 
provisional patent application, serial no. 60/162,671 , attomey docket no. 25791.27. filed 
on 11/1/1999. (12) U.S. provisional patent application serial no. 60/154,047. attomey 
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docket no. 25791.29. filed on 9/16/1999. (13) U.S. provisional patent application serial 
no. 60/1 59.082, attorney docket no. 25791 .34. filed on 10/12/1999. (14) U.S. 
provisional patent application serial no. 60/159.039. attorney docket no. 25791.36, filed 
on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033. attorney 
docket no. 25791.37. filed on 10/12/1999. (16) U.S. provisional patent application serial 

no. • attorney docket no. 25791.38. filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, filed 

on 11/12/1999. (18) U.S. provisional patent application serial no. 

attorney docket no. 25791 .45, filed on 7/28/2000, (19) U.S. provlstonal patent 

application serial no. , attorney docket no. 25791.46, filed on 7/28/2000, 

and (20) U.S. provisional patent application serial no attorney docket 

no. 25791 .47. filed on 9/18/2000. the disclosures of which are incorporated herein by 
reference. 

In an alternative embodiment, the annular body 41 5 may be omitted. In several 
alternative ennbodiments, ttie annular body 415 may be radially compressed before, 
during and/or after curing. 

Refemng to Fig. 2j. an expansion cone 420 nriay then be driven In a downward 
direction by fluid pressure and/or by a support member 425 to plastically defomri and 
radially expand the tubular member 405 such that the interior diameter of the tubular 
members 355 and 405 are substantially equal. In this manner, as illustrated in Fig. 2k, 
a mono-diameter wellbore casing may be formed. 

Referring to Figs 5a-5b, In an alternative embodiment, a tubular member 500 
having a shoe 505 nnay be plastically deformed and radially expanded and ttiereby 
coupled to the preexisting section of wellbore casing 15 using any number of 
conventional mettiods. An annular body of a fluidic sealing material 510 may also be 
fonned around the tubular member 500 using any number of conventional methods. In 
a p re f e n-ed embo di ment , the t u b u l a r member 500 i s pl as tically defonned and radially — 
expanded and the annular body 510 is formed using one or more of the methods and 
apparatus disclosed in one or more of ttie following: (1) U.S. patent application serial 
no. 09/454.139, attorney docket no. 25791 .03.02, filed on 12/3/199*9. (2) U.S. patent 
application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000. 
(3) U.S. patent application serial no. 09/502,350, attomey docket no. 25791.8.02, filed 
on 2/10/2000, (4) U.S. patent application serial no. 09/440,338. attomey docket no. 
25791.9,02, filed on 1 1/15/1999, (5) U.S. patent application serial no. 09/523.460. 
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attorney docket no. 25791.11.02, filed on 3/10/2000. (6) U.S. patent application serial 
no. oi9/512,895, attorney docket no. 25791:12.02. filed on 2/24/2000, (7) U.S. patent, 
application serial no. 09/511,941, attorney docket no. 25791.16.02, filed on 2/24/2000, 
(8) U.S. patent application serial no. 09/588,946. attorney docket no. 25791.17.02, filed 
5 on 6/7/2000, (9) U.S. patent application serial no. 09/559,1 22, attorney docket no. 
25791.23.02, filed on 4/26/2000, (10) PCT patent application serial no. 
PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. 
provisional patent application serial no. 60/162,671. attorney docket no. 25791.27, filed 
on 11/1/1999, (12) U.S. provisional patent application serial no. 60/154,047. attorney 

10 docket no. 25791.29, filed on 9/16/1999. (13) U.S. provisional patent application serial 
no..60/159.p82. attorney docket no. 25791.34. filed on 10/12/1999. (14) U.S. 
provisional patent application serial no. 60/159,039, attorney docket no. 25791.36, filed 
on 10/12/1999, (15) U.S. provisk>nal patent application serial no. 60/159,033, attorney 
docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial 

15 no. , attorney docket no. 25791 .38, filed on 6/19/2000, (17) U.S. 

provistonal patent application serial no. 60/165,228. attorney docket no. 25791.39, filed 

on 11/12/1999, (18) U.S. provisional patent application serial no. • 

attorney docket no. 25791.45, filed on 7/28/2000. (19) U.S. provisional patent 
application serial no. attorney docket no. 25791.46, filed on 7/28/2000, 

20 and (20) U.S. provisional patent application serial no. , attorney docket 

no. 25791 .47, filed on 9/18/2000, ttie disclosures of wttich are incorporated herein by 
reference. 

In several alternative emtxKJiments, the annular body 510 may be omitted or 
may be compressible before, during, or after curing. 
25 Refemng to Figs. 5c and 5d, a conventional inflatable bladder 515 may then be 

positioned within the tubular member 500 and inflated to a sufficient operating pressure 
to plastically defomi and radially expand a portion of the tubular member to thereby . 
fonm a recess 520 In ttie tajbular member. 

Refening to Rgs. 5e and 5f, the inflatable bladder 515 may then be removed 
30 and ttie shoe 505 drilled out using a conventional drilling device. 

Referring to Fig. 5g, an additional tubular nnember 525 may then be plastically 
defomned and radially expanded in a conventional manner and/or by using one or more 
of ttie methods and apparatus described above in order to fomi a morK>-diameter 
wellbore casing. Before, during or after the radial expansion of the tubular member 
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525, an annular body 530 of a fluidic sealing material may be fonned around the 
tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus described above. 

In several altemative embodiments, the inflatable bladder 515 may be coupled 
5 to the t)Ottom of an expansion cone in order to permit the over-expansion process to be 
performed during the radial expansion process implemented using the expansion cone. 

Referring to Figs 6a-6b. in an altemative embodiment, a tubular member 600 
having a shoe 605 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing IS using any number of 

10 conventional methods. An annular body of a fluidic sealing material 610 nrtay also be 
formed around the tubular member 600 using any number of conventional methods. In 
a preferred embodiment, the tubular member 600 is plastically deformed and radially 
expanded and the annular body 61 0 is formed using one or more of the methods and 
apparatus disclosed in one or more of the following: (1 ) U.S. patent application serial 

15 no. 09/454.139. attomey docket no. 25791 ,03.02, filed on 1 2/3/1999, (2) U.S. patent 
application serial ho. 09^10.913. attomey docket no. 25791.7.02. filed on 2/23/2000, 
(3) U.S. patent applkafion serial no. 09/502,350, attomey docket no. 25791.8.02, filed 
on 2/10/2000, (4) U.S. patent application serial no. 09/440.338. attomey docket no. 
25791 .9.02, filed on 1 1/15/1999. (5) U.S. patent applicatton serial no. 09/523.460. 

20 attomey docket no. 25791 .11 .02, filed on 3/1 0/2000, (6) U.S. patent application serial 
no. 09/512,895, attomey docket no. 25791 .1 2.02, filed on 2/24/2000. (7) U.S. patent 
application serial no. 09/51 1 ,941 . attomey docket no. 25791 . 1 6.02, filed on 2/24/2000. 
(8) U.S. patent application serial no. 09/588.946, attomey docket no. 25791 .17.02, filed 
on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attomey docket no. 

25 25791 .23.02, filed on 4/26/2000. (1 0) PCT patent application serial no. 

PCTAJSOO/18635, attomey docket no. 25791.25.02. filed on 7/9/2000, (11) U.S. 

provi si on al p a t e nt appl i c a tion serial no. 6 0/1 6 2, 6 71, att o mey d o c k e t no. 2079 1 .27. filed 

on 11/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attomey 
docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial 

30 no. 60/159,082, attomey docket no. 25791 .34, fited on 10/1 2/1999. (14) U.S. 

provistonal patent application serial no. 60/159.039. attomey docket no. 25791.36. filed 
on 10/12/1999. (15) U.S. proyistonal patent application serial no! 60/159.033. attomey 
docket no. 25791.37. filed on 10/12/1999. (16) U.S. provisional patent appiicatton serial 
no. , attomey docket no. 25791.38. filed on 6/19/2000. (17) U.S. 



provisional patent application serial no. 607165,228. attorney docket no. 25791.39. filed 

on 11/12/1999, (18) U.S. provisional patent application serial no. . 

attorney docket no. 25791.45. filed on 7/28/2000. (19) U.S. provisional patent 

application serial no. . attorney docket no. 25791 .46, filed on 7/28/2000, 

5 and (20) U.S. provisfonal patent application serial no. , attorney docket 

no. 25791.47, filed on 9/18/2000, the disclosures of which are incorporated herein by 
reference. 

In several alternative embodiments, the annular body 61 0 may be omitted or 
may be compressible before, during, or after curing. 

10 Referring to Figs. 6c and 6d, a conventional roller expansion device 615 may 

then be positioned within the tubular member 600 and operated in a conventional 
manner apply a radial force to the interior surface of the tubular member 600 to 
plastically deform and radially expand a portion of the tubular member to thereby fomn 
a recess 620 in the tubular member. As will be recognized by pensons having ordinary 

15 skill in the art. a roller expansion device typically utilizes one or more rollers that, 
through rotation of the device, apply a radial force to the interior surfaces of a tubular 
member. In several alternative embodiments, the roller expansion device 615 may 
include eccentric rollers such as, for example, as disctosed In U.S. Pat. Nos. 5,014,779 
and 5,083,608, the disclosures of which are incorporated herein by reference. 

20 Refening to Figs. 6d and 6e. the roller expansion device 615 may then be 

removed and the shoe 605 drilled out using a conventional drilling device. 

Referring to Fig. 6f. an additional tubular member 625 may then be plastically 
deformed and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described above in order to form a mono-diameter 

25 wellbore casing. Before, during or after the radial expansion of the tubular member 
625. an annular body 630 of a fluidic sealing material may be formed around the 
tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus described above. 

In several alternative embodimients, the roller expansion device 615 may be 

30 coupled to the bottom of an expansion cone in order to permit the over-expanston 
process to be performed during the radial expanston process implemented using the 
expansion cone. 

Referring Initially to Fig. 7a, a wellbore 10 includes a preexisting wellbore 
casing 15. The wellbore 10 may be oriented in any orientation from the vertical to the 



30 



horizontal. The preexisting wellbore casing 15 may be coupled to the upper portion of 
the welllxjre 10 using any numt)er of conventional methods. In a prefen-ed 
embodiment, the wellbore casing 15 is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatus disclosed in one or more of the 
5 following: (1) U.S. patent application serial no. 09/454,139, attorney docket no. 
25791.03.02, filed on 1^1999. (2) U.S. patent application serial no. 09/510.913. 
attorney docket no. 25791.7.02. filed on 2/23/2000. (3) U.S. patent application serial 
no. 09/502.350, attorney docket no. 25791.8.02. filed on 2/10/2000, (4) U.S. patent 
appllcatran serial no. 09/440.338. attorney docket no. 25791.9.02, filed on 11/15/1999, 

1 0 (5) U.S. patent application serial no. 09/523.460. attorney docket no. 25791 .1 1 .02, filed 
on 3/10/2000. (6) U.S. patent application serial no. 09/512.895. attorney docket no. 
25791.12.02. filed on 2/24/2000. (7) U.S. patent applteatton serial no. 09/511.941. 
attorney docket no. 25791 .16.02. filed on 2/24/2000. (8) U.S. patent application serial 
no. 09/588.946. attorney docket no. 25791.17.02. filed orv 6/7/2000. (9) U.S. patent 

1 5 appiicatkm serial no. 09/559.122. attorney docket rio. 25791 .23.02. filed on 4/26/2000. 
(10) PCT patent appikatnn serial no. PCT/USOO/18635. attorney docket no. 
25791 .25.02. filed on 7/9/2000. (1 1 ) U.S. provisional patent application serial no. 
60/162.671, attonriey docket no. 25791.27. filed on 11/1/1999. (12) U.S. provisional 
patent application serial no. 60/154.047. attorney docket no. 25791 .29. filed on 

20 9/16/1999, (1 3) U.S. provisional patent application serial no. 60/159,082. attorney 

docket no. 25791.34. filed on 10/12/1999. (14) U.S. provisional patent application serial 
no. 60/159.039, attorney docket no. 25791.36. filed on 10/12/1999, (15) U.S. 
provisional patent application serial no. 60/159,033. attorney docket no. 25791.37, filed 
on 10/12/1999, (16) U.S. provisional patent application serial no. ■ 

25 attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent 

application serial no. 60/1 65,228, attorney docket no. 25791 .39. filed on 1 1 /1 2/1 999. 

. (1 8 ) U .S. provi s ton al p a t e nt applic a tion se rial no. . attorney dock e t no. 

25791.45, filed on 7/28/2000. (19) U.S. provisional patent application serial no. 
. attorney docket no. 25791.46, filed on 7/28/2000. and (20) U.S. 

30 provisional patent application serial no. __, attorney docket no. 25791 .47, 

filed on 9/18/2000. the disclosures of which are incorporated herein reference. 
More generally, the preexisting wellbore casing 15 may be coupled to another 
preexisting wellbore casing and/or may include one or more ooncentrteally positioned 
tutMJiar members. 
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Referring to Fig. 7b. an apparatus 700 for radially expanding a tubular member 
may then be positioned within the wellbore 10. The apparatus 700 includes a tubular 
support member 705 defining a passage 710 for conveying fluidic materials. An 
expansion cone 715 defining a passage 720 and having an outer conical surface 725 
for radially expanding tubular members Is coupled to ah end of the tubular support 
member 705. 

An expansion cone launcher 735 is movably coupled to and supported by the 
expansion cone 71 5. The expansion cone launcher 735 includes an upper portion 
735a having an upper outer diameter, an intenmediate portion 735b that mates with the 
expansion cone 715, and a lower portion 735c having a lower outer diameter. The 
lower outer diameter is greater than the upper outer diameter. The expansion cone 
launcher 735 further includes a recessed portion 735d having an outer diameter that is 
less than the lower outer diameter. 

A shoe 740 defining a valveabie passage 745 is coupled to the lower portion of 
the expansion cone launcher 735. In a preferred embodiment, the valveabie passage 
745 may be contrdlably closed in order to fluididy isolate a region 750 below the 
expansion cone 715 and bounded by the tower portion 735c of the expansion cone 
launcher 735 and the shoe 740 from the region outside of the apparatus 700. 

An expandable tubular member 755 Is coupled to the upper portion 735a of the 
expansion cone launcher 735. One or more sealing members 760a and 760b may be 
coupled to the exterior of the upper portion of the expandable tubular member 755. In 
several altemative embodiments, the sealing members 760a and 760b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
altemative embodiments, one or more anchoring elements may substituted for, or used 
in addition to, the sealing members 760a and 760b. 

In a preferred embodiment, the support memt)er 705, the expansion cone 715, 
the expansion cone launcher 735, the shoe 740, and the expandable tubular member 
755 are provided substantially as disclosed in one or more of the following: (1) U.S. 
patent application serial no. 09/454,139. attorney dodcet no. 25791.03.02, filed on 
12/3/1999, (2) U.S. patent application serial no. 09/510.913. attorney docket no. 
25791.7.02, filed on 2/23/2000. (3) U.S. patent application serial no. 09/502.350, 
attqmey docket no. 25791.8.02. filed on 2/10/2000. (4) U.S. patent applicatton serial 
no. 09/440,338. attorney docket no. 25791.9.02. filed on 11/15/1999. (5) U.S. patent 
application serial no. 09/523,460, attorney docket no. 25791.11.02, filed on 3/10/2000, 
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(6) U.S. patent iapplicatlon serial no. 09/512.895, attorney docket no. 25791.12.02, filed 
on 2/24/2000, (7) U.S. patent application serial no. 09/511,941, attorney docket no. 
25791.16.02. filed on 2/24/2000, (8) U.S. patent application serial no. 09/588.946. 
attorney docket no. 25791.17.02. filed on 6/7/2000, (9) U.S. patent application serial 
5 no. 09/559,122, attorney docket no. 25791.23.02. filed on 4/26/2000, (10) PCT patent 
application serial no. PCT/USOO/18635. attorney docket no. 25791.25.02, filed on 
7/9/2000. (1 1 ) U.S. provisional patent application serial no. 60/162.671 , attorney docket 
no. 25791.27. filed on 1 1/1/1999. (12) U.S. provisional patent application serial no. 
60/154,047, attorney docket no. 25791.29, filed on 9/16/1999. (13) U.S. provisional 

10 patent application serial no. 60/159.082^ attorney docket no. 25791.34. filed on 
10/12/1999. (14) U.S. provisional patent application serial no. 60/159,039, attorney 
docket no. 25791.36. filed on 10/12/1999, (15) U.S. provisional patent application serial 
no. 60/159,033. attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. 
provisional patent applicatton serial no. , attorney docket no. 

15 . 25791 .38. filed on 6/1 9/2000. (17) U.S. provisional patent application serial no. 

60/165.228, attorney docket no. 25791.39, filed on 11/12/1999. (18) U.S. provisional 
patent application serial no. attorney docket no. 25791.45, filed on 

7/28/2000, (19) U.S. provisk)nal patent application serial no. _^ , attorney 

docket no. 25791.46, filed on 7/28^000, and (20) U.S. provisional patent application 

20 serial no. , attorney docket no. 25791 .47, filed on 9/1 8/2000, the 

disclosures of wtiich are incorporated herein by reference. 

As illustrated in Fig. 7b, in a prefen-ed embodiment, during placement of the 
apparatus 700 within the wellbore 10, fluidic materials 765 within the wetlbore 10 are 
conveyed through the apparatus 700 through the passages 710, 720 and 745 to a 

25 location at>ove the apparatus 700. In this manner, surge pressures during placement 
of the apparatus 700 within the wellbore 10 are reduced. In a preferred embodiment, 

th e apparatus 700 io lr) l tially positioned within the w el lbo re 10 su ch th a t th e top portion 

of the tubular member 755 overiaps with the preexisting casing 15. In this manner, the 
upper portion of the expandable tubular member 755 may be radially expanded into 

30 contact with and coupled to the preexisting casing 15. As will be recognized by 
persons having ordinary skill in the ari, the precise initial position of tlie expandable 
tgbular nriemt>er 755 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expansion, and the material properties of the 
expandable tubular member. 
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As illustrated in Fig. 7c, a fluldic material 770 may then be injected through the 
apparatus 700 through the passages 710, 720, and 745 in order to test the proper 
operation of these passages. 

As illustrated in Fig. 7d, a hardenable fluidic sealing material 775 rnay then be 

5 injected through the apparatus 700 through the passages 710. 720 and 745 into.the 
annulus between the apparatus and the wellbore 10. In this manner, an annular barrier 
to fluid migration into arid out of the wellbore 10 may be fornied around the radially 
expanded expansion cone launcher 735 and expandable tubular member 755. The 
hardenable fluldic sealing material may include, for example, a cement mixture. In 

1 0 several altemative embodiments, the injection of the hardenable fluidic sealing material 
775 may be omitted. In several altemative embodiments, the hardenable fluidic sealing 
material 775 Is compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 7e. a non-hardenable fluidic material 780 may then be 
injected into the apparatus through the passages 710 and 720. A ball plug 785, or 

1 5 other similar device, may then be injeded with the fluidic material 780 to thereby seal 
off the passage 745. In this manner, the region 750 may be pressurized by the 
continued injection of the fluidic material 780 into the apparatus 700. 

As illustrated in Figs. 7f and 7g. the continued injection of the fluidic material 
780 into the apparatus 700 causes the expansion cone launcher 735 and expandable 

20 tubular member 755 to be plastically defomied and radially expanded off of the 
expansion cone 715. The resulting structure includes a lip 790. 

After completing the plastic defomiation and radial expansion of the tubular 
member 755. the hardenable fluidic sealing material is allowed to cure to thereby form 
an annular tKXly 795 that provides a bamer to fluid flow into or out of the wellbore 10. 

25 Referring to Fig. 7h, the shoe 740 may then removed by drilling out the shoe 

using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out In order to permit additional expandable tubular members to be coupled to 
the bottom portion of the plastically deformed and radially expanded tubular member 
755. 

30 Referring to Fig. 71. an additional tubular member 800 may then be plastically 

defomned and radially expanded in a conventional manner and/or by using one or m^e 
of the methods and apparatus described above In order to form a mono-diameter 
wellbore casing. Before, during or after the radial expansion of the tubular member 
800. an annular body 805 of a fluidic sealing material may be fonmed around the 
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tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus d^cribed above. In a preferred embodiment, the lip 790 facilitates the 
coupling of the tubular member 800 to the tubular member 755 by providing a region 
on which the tubular member 800 may be easily coupled onto. 

5 Referring to Fig. 8a. in.an alternative emlxxDrrient, a wellbore 1 0 includes a 

preexi^Kng section of welit)ore casing 15 and 900. The welit)ore ca^ng 900 includes 
sealing members 905a and 905b and a recess 910. An annular boffy 915 of a fluidic 
sealing material may also be provided around the casing 900. The casing 900 and 
annular body 91 5 may be provided using any number of conventional methods, the 

10 methods described above, and/or using one or more of the methods disclosed in the 
following: (1 ) U.S. patent application serial no. 09/454,1 39, attorney dodcet no. 
25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 09/510.913. 
attorney docket no. 25791.7.02. filed on 2/23/2000, (3) U.S. patent application serial 
no. 09/502.350. attorney docket no. 25791.8.02. filed on 2/10/2000, (4) U.S. patent 

15 appiicatton serial no. 09/440.338. attomey docket no. 25791.9.02. filed on 11/15/1999, 
(5) U.S. patent application serial no. 09/523,460, attorney docket no. 25791 .1 1.02. filed 
on 3/10^0, (6) U.S. patent applicatton serial no. 09/512.895, attomey docket .no. 
25791.12.02. filed on 2/24/2000, (7) U.S. patent application serial no. 09/511.941, 
attomey docket no. 25791.16.02. filed on 2/24/2000. (8) U.S. patent applicatton serial 

20 no. 09/588,946. attomey docket no. 25791 . 1 7.02, filed on 6/7/2000, (9) U.S. patent 
application serial no. 09/559.122, attomey docket no. 25791.23.02, filed on 4/26/2000, 
(10) PCT patent application serial no. PCT/USOO/18635, attomey docket no. 
25791.25.02. filed on 7/9/2000, (11) U.S. provisional patent application serial no. 
60/162.671. attomey docket no. 25791.27. filed on 11/1/1999. (12) U.S. provisional 

25 patent application serial no. 60/1 54,047. attomey docket no. 25791 .29, filed on 
9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082. attomey 

docket no 257Q1 "H. In/1?/1QQQ. (14) tJ S provisional patent application serial 

no. 60/159.039. attomey docket no. 25791.36. filed on 10/12/1999, (15) U.S. 
provisional patent application serial no. 60/159.033. attomey docket no. 25791.37. fSed 

30 on 10/12/1999. (16) U.S. provistonal patent application serial no. , 

attomey docket no. 25791.38. filed on 6/19/2000. (17) U.S. provisional patent 
application serial no. 60/165,228, attomey docket no. 25791.39, filed on 11/12/1999. 

(18) U.S. provisional patent application serial no. , attomey docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. . 
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_^ . attorney docket no. 25791 .46, filed on 7/28/2000. and (20) U.S. 

provisional patent applicatfon serial no. ^ attorney docket no. 25791.47. 

filed on 9/18/2000. the disclosures of which are incorporated herein by reference. 

Referring to Fig. 8b, an apparatus 1000 for radially expanding a tubular member 

5 is then positioned within the wellbore 10 that includes a tubular support member 1005 
that defines a passage 1010 for conveying fluidic materials. A hydraulic locking device 
1015 that defines a passage 1020 for conveying fluidic materials that is fluididy 
coupled to the passage 1010. The locking device 1015 further includes Inlet passages, 
1020a and 1020b, actuating chambers. 1025a and 1025b, and k>cking members, 

10 1030a and 1030b. During operation, the Injection of fluidic materials into the actuating 
chambers, 1025a and 1025b. causes the tocking members. 1030a and 1030b. to be 
displaced outwardly In the radial directton! In ttiis manner, the locking device 1015 may 
be controllably coupled to a tubular member to thereby maintain the tubular member in 
a substantially stationary position. As will be recognized by persons having ordinary 

15 skill In the art. the operating pressures and physical shape of the inlet passages 1020, 
actuating chambers 1025. and locking members 1030 will detenmine the maximum 
amount of holding force provided by the locking device 101 5. In several altemative 
embodiments, fluklic materials may be injected into the kxdcing device 1015 using a 
dedicated fluid passage in order to provkle precise control of the locking device. In 

20 several altemative embodiments, the locking device 1015 may be omitted and the 
tubular support member 1005 coupled directly to the tubular support member 1035. 

One end of a tubular support member 1035 that defines a passage 1040 is 
coupled to the locking device 1 01 5. The passage 1040 is fluididy coupled to the 
passage 1020. /Vn expansion cone 1045 that defines a passage 1050 and indudes an 

25 outer conical surface 1055 is coupled to another end of the tubular support member 
1035. An expansion cone launcher 1060 is movably coupled to and supported by the 
expansion cone 1045. The expanston cone launcher 1060 indudes an upper portion 
1060a having an upper outside diameter, an intennediate portion 1060b that mates 
with the expansion cone 1045. and a lower portton 1060c having a lower outside 

30 diameter. The lower outside diameter Is greater than the upper; outsMe diameter. 

A shoe 1065 that defines a valveable passage 1070 is coupled to the lower 
portion 1060c of the expansion cone launcher 1060. In this manner, a regton 1075 
below the expansion cone 1045 and bounded by the expansion cone launcher 1060 
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and the shoe 1065 may be pressurized and fluididy. isolated from the annular region 
between the apparatus 1000 and the wellbore 10. 

An expandable tubular member 1080 is coupled to the upper portion of the 
expansion cone launcher 1060. In several alternative embodiments, one or more 
5 sealing members are coupled to the exterior of the upper portion of the expandable 
tubular member 1080. In several alternative embodiments, the sealing members may 
include elastomeric elements and/or metallic elements and/or composite elements. In 
several altemative embodiments, one or more anchoring elements may substituted for, 
or used in addition to, the sealing members. 
1 0 An expansion cone 1 085 defining a passage 1 090 for receiving the tubular 

support member 1005 includes an outer conical surface 1095. A tubular support 
member 11 00 defining a passage 1 105 for receiving the tubular support member 1005 
is coupled to the bottom of the expansion cone 1085 for supporting and actuating the 
expansion cone. 

15 In a preferred embodiment, the support members 1005 and 1035, the 

expansion cone 1045, the expansion cone launcher 1060. the shoe 1065, and the 
expandable tubular member 1080 are provided substantially as disclosed in one or 
more of the following: (1) U.S. patent application serial no. 09/454,139, attomey docket 
no. 25791.03.02. filed on 12/3/1999, (2) U.S. patent application serial no. 09/510,913. 

20 attomey docket no. 25791 .7.02, filed on 2/23/2000, (3) U.S. patent application serial 
no. 09/502,350. attomey docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440.338, attomey docket no. 25791.9.02. filed on 11/15/1999. 
(5) U.S. patent application serial no. 09/523.460. attomey docket no. 25791.11.02. filed 
on 3/10/2000. (6) U.S. patent application serial no. 09/512,895. attomey docket no. 

25 25791 .12.02. filed on 2/24/2000. (7) U.S. patent application serial no. 09/51 1 .941 . 
attomey docket no. 25791.16.02. filed on 2/24/2000. (8) U.S. patent application serial 

no. 09/588.9 4 6, attomey docket no. 25701.17.02. filod on 6/7/2000, (9) U:S. patent 

application serial no. 09/559.122, attomey docket no. 25791.23.02, filed on 4/26/2000. 
(10) PCT patent application serial no. PCTAJSOO/18635, attomey docket no. 

30 25791 .25.02. filed on 7/9/2000, (11) U.S. provisfonal patent application serial no. 
60/162,671, attomey docket no. 25791.27. filed on 1 1/1/1999. (12) U.S. provisional 
patent application serial no. 60/1 54,047, attomey docket no. 25791 .29, filed on 
9/16/1999. (13) U.S. provisional patent application serial no. 60/159.082. attomey 
docket no. 25791.34, filed on 10/12/1999, (14) U.S. provteional patent application serial 



37 



no. 60/159,039, attorney docket no. 25791.36. filed on 10/12/1999, (15) U.S. 
provisional patent application serial na 60/159.033, attorney docket no. 25791.37, filed 

on 10/12/1999, (16) U.S. provisional patent application serial no. - 

attorney docket no. 25791 .38, filed oh 6/1 9/2000, (1 7) U.S. provisional patent 
5 application serial no. 60/165,228. attorney docket no. 25791.39, filed on 11/12/1999, 

(18) U.S. provisional patent application serial no. . attorney docket no. 

25791.45. filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

• attorney docket no. 25791.46, filed on 7/28/2000. and (20) U.S. 

provisional patent application serial no. , attorney docket no. 25791.47, 

10 filed on 9/18/2000, the dteck)sures of which are incorporated herein by reference. 

As illustrated in Fjg. 8b, in a preferred embodiment, during plaoement of the 
apparatus 1000 within the wellbore 10, flukiic materials 1110 wtthin the wellbore 10 are 
conveyed through the apparatus 1000 through the passages 1010, 1020, 1040 and 
1070 to a location above the apparatus 1000. In this manner, surge pressures during 

1 5 placement of the apparatus 1000 within the wellbore 10 are reduced. In a preferred 
embodiment, the apparatus 1000 is initially posittoned within the wellbore 10 such that 
the top portion of the tubular member 1080 overlaps with the recess 910 of the 
preexisting casing 900. In this manner, the upper portion of the expandable tubular 
member 1080 may be radially expanded into contact with and coupled to the recess 

20 91 0 of the preexisting casing 900. 

As illustrated in Fig. 8c, a fluidic material 1115 may then be injected through the 
apparatus 1000 through the passages 1010, 1020, 1040, and 1070 in order to test the 
proper operation of these piassages. 

As illustrated in Fig. 8d, a hardenable fluidic sealing material 1 120 may then be 

25 injected through ttie apparatus 1000 through the passages 1 010, 1020, 1040, and 
1070 into the annulus between the apparatus and the wellbore 10. In this manner, an 
annular banier to fluid migration into and out of the wellbore 1 0 may be fonned around 
the radially expanded expansion cone launcher 1060 and expandable tubular member 
1080. The hardenable fluidic sealing material may indude. for example, a cement 

30 mixture. In several alternative embodiments, the injection of the hardenable fluidic 
sealing material 1 120 may be omitted. In several alternative embodiments, the 
hardenable fluidic sealing material 1120 is compressible, before, during and/or after, 
the curing process. 
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As illustrated in Rg. 8e, a non-hardenable fluidic material 1 125 may then be 
injected into the apparatus 1000 through the passages 1010» 1020 and 1040. A ball 
plug 1 130, or other similar device, may then be Injected with the fluidic material 11 25 to 
thereby seal off the passage 1070. In this manner, the region 1075 n^y be 
5 pressurized by the continued Injection of the fluidic material 1 1 25 into the apparatus 
1000. Furthemiore, in this manner, the actuating diambers, 1025a and 1025b. of the 
locking device 1015 may be pressurized. In this manner, the tubular member 1080 
may be held in a substantially stationary position by the locking device 1015. 

As niustrated in Fig. 8f, the expansion cone 1085 may then be actuated in the 

10 downward direction by a direct application of axial force using the support member 
1 100 and/or through the application of fluid force. The axial displacement of the 
expanston cone 1085 may plastically defonm and radially expand the upper portion of 
the expandable tubular member 1080. In this manner, the upper portion of the 
expandable tubular member 1080 may be precisely coupled to the recess 910 of the 

1 5 preexisting casing 900. 

During the downward actuatton of the expansion cone 1085, the locking 
member 1015 preferably prevents axial displacement of the tubular member 1080. Iri a 
preferred embodiment, the locking member 1015 is positioned proximate the upper 
portion of the tubular member 1080 in order to prevent buckling of the tubular member 

20 1 080 during the radial expansion of the upper portion of the tubular member. In an 
alternative embodiment, the locking member 1015 is omitted and the interference 
between the intentiediate portion 1060b of the expansion cone launcher 1060 and the 
expansion cone 1 045 prevents the axial displacement of the tubular member 1080 
during the radial expansk>n of the upper portion of the tubufar member. 

25 As illustrated in Rg. 8g. the expansion cone 1085 and 1 100 may then be raised 

out of the wellbore 10. 

A s i ll us trated in Rg, 8h, the continu e d inj e ction of tho flu i dic material 1125 i nto — 

the apparatus 1000 may then cause the expansion cone launcher 1060 and the 
expandable tubular member 1080 to be plastically defomied and radially expanded off 
30 of the expanston cone 1045. In this nfianner, the expansion cone 1 045 is displaced 
relative to the expansion cone launcher 1060 and expandable tubular member 1080 in 
the axial direction. In a preferred embodiment, the axial forces created during the 
radial expansion process are greater than the axial forces generated by the locking 
device 1015. As will be recognized by persons having ordinary skill in the art, the 
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precise relationship between these axial forces will vary as a function of the operating 
characteristics of the locking device 1015 and the metallurgical properties of the 
expansion cone launcher 1060 and expandable tubular 1080. In an alternative 
embodiment, the operating pressures of the actuating chambers. 1025a and 1025b. 
5 and the region 1075 are separately controllable by providing separate and dedicated 
fluid passages for pressurizing each. 

As illustrated in Rg. 8i, after completing the plastic defbmiation and radial 
expansion of the tubular member 1080, the hardenable fluidic sealing material is 
allowed to cure to thereby form an annular body 1 130 that provides a bamer to fluid 
10 now Into or out of the wellbore 10. The shoe 1065 may then removed by drilling out the 
shoe using a conventional drilling device. A new section of the weDbore 10 may also 
be drilled out in order to penmit additional expandable tubular members to be coupled 
to the bottom portion of the plastically deformed and radially expanded tubular member 
1080. 

15 In an alternative embodiment, the annular body 1 1 30 may be omitted. In 

several altemative embodiments, the annular body 1130 may be radially compressed 
before, during and/or after curing. 

Refening to Fig. 8j, the tubular member 1080 may be radially expanded again 
using one or more of the methods desaibed above to provide an mono-diameter 

20 wellbore casing. 

Refening to Fig. 9a, a wellbore 1200 includes an upper preexisting casing 1205 
and a fower preexisting casing 1210. The casings, 1205 and 1210. may further include 
outer annular layers of fluidic sealing materials such as, for example, cement The 
ends of the casings, 1205 and 1210. are separated by a gap 1215. 

25 Refening to Fig. 9b, a tubular member 1220 may then be coupled to the 

opposing ends of the casings, 1205 and 1210, to thereby bridge the gap 1215. In a 
pjeferred emtxxliment, the tubular member 1220 is coupled to the opposing ends of 
the casings, 1205 and 1210, by plastically deforming and radially expanding the tubular 
member 1220 using one or more of the methods and apparatus described and 

30 referenced above. 

Referring to Fig. 9c, a radial expansion device 1225 may then be positioned 
within the tubular member 1220. In a preferred embodiment, the length of the radial 
expansion device 1225 is greater than or equal to the axial length of the tubular 
member 1220. In several altemative embodiments, the radial expansion device 1225 
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may be any number of conventional radial expansion devices such as. for example, 
expansion cones actuated by hydraulic and/or direct axial force, roller expansion 
devices, and/or expandable hydraulic bladders. 

Referring to Figs. 9d and 9e, after actuation and subsequent de-actuation and 

5 removal of the radial expansion device 1 225, the inside diameters of the casings, 1 205 
and 1210. are substantially equal to the inside diameter of the tubular member 1220. 
In this manner, a mono-diameter wellbore casing may be formed. 

Referring to Fig. 10, a wellbore 1300 includes an outer tubular member 1305 
and an inner tubular member 1310. In a preferred enribodiment, the tubular mepnbers, 

10 1305 and 1310, are plastically deformed and radially expanded using one or more of 
the methods and apparatus described and referenced above. In this manner, a 
wellbore casing may be provided whose burst and collapse strength may be precisely 
controlled by varying the number, thickness, and/or material properties of the tubular 
members. 1305 and 1310. 

15 Referring to Fig. 1 la, a wellbore 1400 Includes a casing 1405 that is coupled to 

a preexisting casing 1410. In a preferred embodiment, one or more sealing members 
141 5 are coupled to the exterior of the upper portion of the tubular member 1405 in 
order to optimally seal the interface between the tubular member 1405 and the 
preexisting casing 1410. in a preferred embodiment, the tubular member 1405 is 

20 plastically defonmed and radially expanded using conventional methods and/or one or 
more of the methods and apparatus described and referenced above. In an exemplary 
embodiment, the outside diameter of the tubular member 1405 prior to the radial 
expansion process is ODo. the wall thickness of the tubular member 1405 prior to the 
radial expansion process is to. the outside diameter of the tubular member following the 

25 radial expansion process is ODi. and the wall thickness of the tubular member 
following the radial expansion process is ti. 

Referring to Fig. 1 lb, a tubular member 1420 may then be coupled to the lower 

portion of the tubular member 1405 by plastically deforming and radially expanding the 
tubular memt>er 1420 using conventional methods and/or one or more of the methods 

30 and apparatus described and referenced above. In a preferred embodiment, the 

exterior surface of the upper portion of the tubular member 1420 includes one or more 
sealing members for sealing the interface between the tubular ntember 1420 and the 
tubular member 1405. 
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Referring to Fig. 11c. lower portion of the tubular mennber 1405 and the tubular . 
member 1420 may be radially expanded again to provide a mono-diameter wellt>ore 
casing. The additional radial expansion may be provided using conventional methods 
and/or one or more of the methods and apparatus described and referenced above. In 
5 an exemplary embodiment, the outside diameter and wall thickness of the lower portion 
of the tubular member 1405 after the additional radial expansion process are OD2 and 

t2. 

The radial expansion process of Figs. 11 b-1 1 c can then be repeated to provide 
a mono-diameter wellbore casing of virtually unlimited length. 

1 0 In several altemative embodiment?, the ordering of the radial expansions of the 

tubular members. 1405 and 1420, may be changed. For example, the first tubular 
member 1405 may be plastically deformed and radially expanded to provide a lower 
portion having the outside diameter OD2 and the remaining portion having the outside 
. diameter OD1. The tubular member 1420 may then be plastically deformed and 

1 5 radially exparuled one or more times until the inside diameters of the tubular members, 
1405 and 1420, are substantially equal. The plastic deformations and radial 
expansions of the tubular members, 1405 and 1420, may be provided using 
conventional methods and/or one or more of the methods and apparatus described and 
referenced above. 

20 In an exemplary embodiment, the total expansion strain E of the tubular 

member 1405 may be expressed by the following equation: 

E^(OD2-ODo)/ODo (1) 
where ODq = original outside diameter, 

25 ODt = outside diameter after l'^ radial expansion; and 

OD2 = outside diameter after 2^ radial expar)sion. 
Furthermore, in an exemplary embodiment, where: (1) the exterior surface of 
the upper portion of the tubular member 1420 includes sealing members, and (2) the 
radial spacing between the tubular member 1405 and the wellbore 1400 prior to the 
30 first radial expansion is equal to d, tiie outside diameters, OD1 and OD2, Of the tubular 
member 1405 following the first and second radial expansions may be expressed as: 

OD,^0D^\2d\lt, (2) 
OD^ = OD, + 2R+2t^ (3) 
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where ODo = the original outside diameter of the tubular member 1 405; 

ODi = the outside diameter of the tubular member 1405 

following the first radial expansion; 
OD2 = the outside diameter of the tubular member 1 405 
5 following the second radial expansion; 

d = the radial spadng between the tubular member 
1405 and the wellbore prior to the first radial 
expansion; 

ti = the wall thidcness of the tubular member 1405 
10 * after the first radial expansion; 

t2 = the wall thickness of the tubular member 1405 

after the second radial expansion; and 
R = the thickness of sealing member provkled on the 
exterior surface of the tubular member 1 420. 
15 Furthemnore, in an exemplary embodiment, for d approximately equal to 0.25 

inches and R approximately equal to 0.1 inches, equation (1) can be approximated as: 



E = (mi%)lOD^ (4) 



where to = the original wall thickness of the tubular mernber 

20 1405. 

In an exemplary embodiment, the total expansion strain of the tubular member 
1405 should be less than or equal to 0.3 in order to maximize the burst and collapse 
strength of the expandable tubular member. Therefore, from equation (4) the ratio of 
the original outside diameter to the original wall thickness (ODo/to) may be expressed 
25 as: 



ODJt,n^l{03-0.VOD,] (5) 



Thus, in a prefaced embodiment, for ODo less than 10 inches, the optimal ratio 
of the original outside diameter to the original wall thickness (ODo/to) may be expressed 
30 as: 

0D,/t,>\6 (6) 
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In this manner, for typical tubular members, the burst and collapse strength of 
the tubular members following one or more radial expansions are maximized when the 
relationship in equation (6) is satisfied. Furthermore, the relationships expressed in 
equations (1) through (6) are valid regardless of the order or type of the radial 
5 expansions of the tubular nnember 1405. More generally, the relationships expressed 
in equations (1) through (6) may be applied to the radial expansion of structures having 
a wide range of profiles such as, for example, triangular, rectangular, and ovaL 

An apparatus for plastically deforming aiid radially expanding a tubular member 
has been described that includes means for plastically deforming and radially 

1 0 expanding a first portion of the tubular member to a first outside diameter, and means 
for plastically deforming and radially expanding a second portion of the tubular member 
to a second outside diameter. In a preferred embodiment, the first outside diameter is 
greater than the second outside diameter. In a preferred embodiment, the means for 
plastically defomning and radially expanding the first portion of the tubular member to 

IS the first outside diameter Is removable. In a preferred embodiment, the means for 
plastically deforming and radially expanding the first portion of the tubular member to 
the first outside diameter is frangible. In a preferred embodiment, the means for 
plastically defomiing and radially expanding the first portion of the tubular member to 
the first outside diameter is elastic. In a preferred embodiment, the means for 

20 plastically defomning and radially expanding the first portion of the tubular member to 
the first outside diameter includes means for applying a radial force to the first portion 
of the tubular member. In a preferred embodiment, the means for plastically deforming 
and radially expanding the first portion of the tubular member to the first outside 
diameter is inflatable. In a prefen«d embodiment, the means for plastically deforming 

25 and radially expanding the first portion of the tubular member to the first outside 

diameter includes rolling nneans for applying radial pressure to the first portion of the 
tubular member. 

An apparatus for plastically deforming and radially expanding a tubular member 
has also been described that includes a tubular support member including a first fluid 
30 passage, an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer conical surface, a 
removable annular conical sleeve coupled to the outer conical surfece of thia expansion 
cone, an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular memt>er, and a shoe having a vaiveable passage coupled to an 



end of the expansion cone launcher. In a preferred embodiment, the conical sleeve is 
frangible. In a preferred embodiment, the conical sleeve is elastic. In a preferred 
embodiment, the conical sleeve indudes a plurality of arcuate elements. 

A method of plastically defomiing and radially expanding a tubular member has 

5 also been described that indudes plastically deforming and radially expanding a portion 
of the tubular member to a first outside diameter, and plastically deforming and radially 
expanding another portion of the tubular member to a second outside diameter. In a 
pfBfenred embodiment, the first diameter Is greater than the second diameter. In a 
preferred embodlmertt, plastically deforming and radially expanding the pbrtlon of the 

10 tubular member indudes applying a radial force to the portion of the tubular member 
using a conical sleeve. In a preferred embodiment, conical sleeve is frangible. In a 
preferred embodiment, the conical sleeve is elastic. In a preferred embodiment, the 
conical sleeve includes a plurality of arcuate elements. In a preferred embodiment, 
plastically deforming and radially expanding the portion of the tubular member indudes 

1 5 applying a radial force to the portion of the tubular.member using an inflatable bladder. 
In a preferred embodiment, plastically defomiing and radially expanding the portion of 
the tubular member indudes applying a radial force to the portion of the tubular 
member using a roller expansion device. 

A method of coupling a first tubular member to a second tubular member has 

20 also been described that includes plastically deforming and radially expanding a first 
portion of the first tubular member to a first outside diameter, plastically defomiing and 
radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 
overlapping relation to Uie first portion of the first tubular member, plastically defonming 

25 and radially expanding the second tubular member to a third outside diameter, and 
plastically deforming and radially expanding the second tubular member to a fourth 

outside diameter. The inside diameters of the first and second tubular members after 

ttie plastic defonmations and radial expansions are substantially equal. In a prefened 
embodiment, the first outside diameter is greater than the second outside diameter, in 

30 a preferred embodiment, plastically defonming and radially expanding the first portion of 
the first tubular member indudes applying a radial force to ttie portion of the tubular 
member using a conical sleeve. In a preferred embodiment, the conical sleeve is 
frangible. In a preferred embodiment, the conical sleeve is elastic. In a prefened 
embodiment, the conical sleeve includes a plurality of arcuate elements. In a preferred 
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embodiment, plastically defomitng and radially expanding the first portion of the first 
tubular member includes applying a radial force to the first portion of the first tubular 
member using an inflatable bladder. In a preferred embodiment, plastically deforming 
and radially expanding the first portion of the first tubular member includes applying a 
5 radial force to the first portion of the first tubular member using a roller expansion 
device. 

An apparatus for coupling a first tubular member to a second tubular member 
has also been described that includes means for plastically deforming and radially 
expanding a first portion of the first tubular member to a first outside diameter, means 

1 0 for plastically def onming and radially expanding anottier portion of the first tubular 
member to a second outside diameter, mearis for positioning the second tubular 
member Inside the first tubular member in overlapping relation to the first portion of the 
first tubular member, means for plastically defonmlng and radially expanding the 
second tubular member to a third outside diameter, and means for plastically defomning 

15 and radially expanding the second tubular member to a fourtti outside diameter. The 
inside diameters of Vhe first and second tubular members after the plastic defonmations 
and radial expansions are substantially equal. In a prefened embodiment, the first 
outside diameter is greater than the second outside diameter. In a preferred 
embodiment, the means for plastically defomriing and radially expanding the first 

20 portion of the first tubular member includes means for applying a radial force to the 
portion of the tubular member using a conical sleeve. In a prefeaed embodiment, the 
conical sleeve is frangible. In a preferred embodiment, ttie conical sleeve is elastic. In 
a prefen-ed embodiment, the conical sleeve includes a plurality of arcuate elements. In 
a prefen-ed embodiment, the means for plastically deforming and radially expanding the 

25 first portion of the first tubular member includes means for applying a radial force to the 
first portion of the first tubular member using an inflatable bladder. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first 
portion of the first tubular member includes means for applying a radial force to the first 
portion of the first tubular member using a roller expansion device. 

30 An apparatus for forming a wellbore casing within a wellbore has also been 

described that includes means for supporting a tubular member within the wellbore, 
means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter, and means for plastically defomriing and radially 
expanding a second portion of the tubular member to a second outside diameter. In a 
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preferred embodiment, the first outside diameter is greater than the second outside 
diameter. In a preferred emlxxliment. the means for plastically defonning and radially 
expanding the first portion of the tubular member to the first outside diameter Is 
removable. In a preferred embodiment, the means for plastically defomning and 
5 radially expanding the first portion of the tubular member to the first outside diameter is 
frangible. In a preferred embodiment, the means for plastically deforming and radially 
expanding the first portion of the tubular member to the first outside diameter is elastic. 
In a preferred embodiment, the means for plastically defomiing and radially expanding 
the first portion of the tubular member to the first outside diameter includes means for 

10 applying a radial force to the first portion of the tubular member. In a preferred 
embodiment, the means for plastically defonning and radially expanding the first 
portion of the tubular nnember to the first outside diameter is inflatable. In a prefenBd 
embodiment, the means for plastically defomning and radially expanding the first 
portion of the tubular member to the first outside diameter includes rolling means for 

1 5 applying radial pressure to the first portion of the tubular member. In a preferred 
embodiment, the apparatus further includes nrteans for forming an annular body of a 
fluidic sealing material within an annulus between the tubular member and the 
weilbore. 

An apparatus for forming a weilbore casing within a weilbore has also been 

20 described that includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluidicly coupled to the first fluid passage and an outer conical surface, a removable 
annular conical sleeve coupled to the outer conical surface of the expansion cone, an 
annular expansion cone launcher coupled to the conical sleeve and a lower portion of 

25 the tubular member, and a shoe having a valveable passage coupled to an end of the 
expansion cone launcher. In a preferred embodinf>ent, the conical sleeve is ft^ngible. 

In a p ref e rred embod i ment , the con i c a l slee v e is ela stic. In a preferred embodiment, — 

the conical sleeve includes a plurality of arcuate elements. 

A method of forming a weilbore casing within a weilbore has also been 

30 described that includes supporting a tubular nnember within a weilbore, plastically 
defomning and radially expanding a portion of the tubular member to a first outside 
diameter, and plastically deforming and radially exparuiing another portion of the 
tubular member to a second outside diameter. In a preferred embodiment, the first 
diameter is greater than the second diameter. In a preferred embodinnent, plastically 
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deforming and radially exparKling the portion of the tubular member includes applying a 
radial force to the portion of the tubular member using a conical sleeve. In a preferred 
embodiment, the conical sleeve is frangible. In a preferred embodiment, the conical 
sleeve is elastic. In a preferred embodiment, the conical sleeve includes a plurality of 
5 arcuate elements. In a preferred embodiment, plastically deforming and radially 
expanding the portion of the tubular member includes applying a radial force to the 
portion of ttie tubular member using an inflatabie Madder. In a preferred embodiment. 
plas'tlcaTl^deforming and radially expanding ttie portion of the tubuter member includes 
applying a radial force to the portion of the tubular member using a roller expansion 
10 device, in a preferred embodiment, the method further includes injecting an annular 
body of a hardenable fluldic sealing material into an annulus between the tubular 
meitiber and the wellbore. In a preferred embodiment, the method further includes 
curing the annular body of hardenable fluldic sealing material. 

A method of fonning a mono-diameter wellbore casing within a wellbore has 
1 5 also been described that includes supporting a first tubular member within the wellbore. 
plastically deforming and radially expanding a first portion of.the first tubular member to 
a first outside diameter, plastically defomiing and radially expanding another portion of 
ttie first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overiapping relation to the first portion of the 
20 first tubular member, plastically defomiing and radially expanding the second tubular 
member to a Uiird outside diameter, and plastically deforming and radially expanding 
the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after ttie plastic deformations and radial expansions 
are substantially equal. In a preferred embodiment, ttie first outside diameter is greater 
25 than Uie second outside diameter. In a preferred embodiment, plastically defomiing 
and radially expanding ttie first portion of ttie first tubular member includes applying a 
radial force to ttie portion of the tubular member using a conical sleeve. In a prefen-ed 
embodiment, ttie conK^I sleeve is frangible. In a preferred embodiment, ttie conical 
sleeve is elastic. In a preferred embodlmiBnt. ttie conical sleeve includes a plurality of 
30 arcuate elements. In a preferred embodiment, plastically deforming and radiafly 

expanding ttie first portion of ttie first tubular member includes applying a radial force to 
ttie first portion of ttie first tubular member using an inflatabie bladder, in a preferred 
embodiment, plastically deforming and radially expanding ttie first portion of ttie first 
tubular member includes applying a radial force to ttie first portion of ttie first tubular 
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member using a roller expansion device. In a preferred embodiment, the method 
further indudes injecting an annular body of a hardenable fluidic sealing material into 
an annulus between the first tubular member and the wellbore. In a prefen^ 
embodiment, the method further includes curing the annular body of hardenable fluidic 
5 sealing nr^ateriat. In a preferred embodiment, the method further includes Injecting an 
annular body of a hardenable fluidic sealing material into an annulus between the 
second tubular member and the wellbore. In a preferred embodiment, the method 
further includes curing the annular body of hardenable fluidic sealing material. 

An apparatus for coupling a first tubular member to a second tubular member 

1 0 has also been described that includes means for plastically defomning and radially 
expanding a first portion of the first tubular member to a first outside diameter, means 
for plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, means for positioning the second tubular 
member inside the first tubular member in overiapping relation to the first portion of the 

15 first tubular member, means for plastically defomiing and radially expanding the 

second tubular member to a third outside diameter, and means for plast'cally deforming 
and radially expanding the second tubular member to a fourth outside diameter. The 
inside diameters of the first and second tubular members after the plastic deformations 
and radial expansions are substantially equal. In a preferred emt)odiment, the first 

20 outside diameter is greater than the second outside diameter. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first 
portion of the first tutujlar member includes means for applying a radial force to the 
portion of the tubular member using a conical sleeve. In a preferred embodiment, the 
conical sleeve is frangible. In a preferred embodiment, the conical sleeve is elastic. In 

25 a prefened embodiment, the conical sleeve includes a plurality of arcuate elements. In 
a prefen^ed embodiment, the means for plastically deforming and radially expanding the 

first portion of th e first tubul a r member i nclud es means for a pplyin g a r a di al for c e to the 

first portion of the first tubular member using an inflatable bladder, in a preferred 
embodiment, the means for plastically defonning and radially expanding the first 

30 portion of the first tubular member includes means for applying a radial force to the first 
portion of the first tubular member using a roller expansion device. In a preferred 
embodiment, the apparatus further Includes means for injecting an annular body of a 
hardenable fluidic sealing material into an annulus between the first tubular member 
and the wellbore. In a prefened embodiment, the apparatus further indudes means for 
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curing the annular body of hardenable flutdic sealing material. In a preferred 
embodiment, the apparatus further indudes means for injecting an annular body of a 
hardenable fluidic sealing material into ah annulus between the second tubular 
member and the wellbore. In a preferred embodiment, the apparatus further includes 

5 means for curing the annular body of hardenable fluidic sealing material. 

An apparatus for plastically deforming and radially expanding a tubular member 
- has also been described that includes means for providing a lipped portion in a portion 
of the tubular member, and means for plastically defomning and radially expanding 
anottier portion of the tubular member. 

1 0 An apparatus for plastically deforming and radially expanding a tubular member 

has also been described that includes a tubular support member including a first fluid 
passage, an expansion cone coupled to the tubular support member having a second 
fluid passage fluididy coupled to the first fluid passage and an outer conical surface, an 
annular expansion cone launcher including: a first annular portion coupled to a lower 

1 5 portion of ttie tubular member, a second annular portion coupled to the first annular 
portion ttiat mates with the outer conical surface of the expansion cone, a third annular 
portion coupled to ttie second annular portion having a first outside diameter, and a 
fourtti annular portion coupled to the third annular portion having a second outside 
diameter, wherein the second outside diameter is less than the first outside diameter, 

20 and a shoe having a valveable passage coupled to fourth annular portion of tiie 
expansion cone launcher. 

A mettiod of plastically defomning and radially expanding a tubular member has 
also been described that indudes providing a lipped portion in a portion of the tubular 
member, and plastically deforming and radially expanding another portion of the tubular 

25 member. 

A metiiod of coupling a first tubular member to a second tubular member has 
also been described that includes providing a lipped portion in a portion of tiie first 
tubular member, plastically defomning and radially expanding anotiier portion of the first 
tubular nnember. positioning the second tubular member inside the first tubular member 
30 in overtapping relation to the lipped portion of the first tubular member, and plastically 
deforming and radially expanding the second tubular merhber. The inside diameters of 
the first and second tubular members after the plastic defomnations and radial 
expansions are substantially equal. 
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An apparatus for coupling a first tubular meml>er to a second tubular member 
has also been described that includes means for providing a lipped portion in the first . 
tubular member, means for plastically deforming and radially expanding another portion 
of the first tubular member, means for positioning the second tubular member inside 
5 the first tubular number in overiapping relation to the lipped portion of the first tubular 
member, and means for plastically deforming and radially expanding the second 
tubular member. The inside diameters of the first and second tubular members after 
the plastic defonfnations and radial expansions are substantially equal. 

An apparatus for forming a wellbore casing within a wellbore has also been 
10 described that Includes means for supporting a tubular member within the wellbore, 
means for providing a lipped portion in the tubular member, and means for plastically 
deforming and radially expariding another portion of the tubular member to a second 
outside diameter. 

An apparatus for forming a wellbore casing within a wellbore has also been 
15 described that includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluididy coupled to the first fluid passage and an outer conical surfece. an annular 
expansion cone launcher including: a first annular portion coupled to a lower portion of 
the tubular number, a second annular portion coupled to the first annular portion ttiat 
20 mates with the outer conical surface of the expansion cone, a ttiird annular portion 
coupled to the second annular portion having a first outside diameter, and a fourth 
annular portion coupled to the third annular portion having a second outside diameter, 
wherein the second outside diameter is less than the first outside diameter, and a shoe 
having a valveable passage coupled to fourth annular portion of the expansion cone 
25 launcher. 

A method of forming a wellbore casing in a wellbore has also been described 

that Includ e s supporting a tubular m e mb e r wi t h i n tho wellbore, providing a l i pp e d 

portion in a portion of the tubular member, and plastically deforming and radially 
expanding another portion of the tubular member. In a preferred embodiment, the 
30 metiiod further includes injecting a hardenable flutdic sealing noateriai in an annulus 
between the tubular member and tiie wellbore. In a prefen'ed embodiment, tiie meUiod 
furttier includes curing the fluidic sealing material. 

A method of forming a mono-diameter wellbore casing wittiin a wellbore has 
afso been described that includes supporting a first tubular member within the wellbore. 



providing a lipped portion in a portion of the first tubular member, plastically defomning 
and radially expanding another portion of the first tubular member, positioning the 
second tubular member inskle the first tubular member |n overlapping relatim to the 
lipped portion of the first tubular member, and plastically deforming and radially 
5 expanding the second tubular member. The inside diameters of the first and second 
tubular rhembers after the plastic deformations and radial expansions are substantially 
equal. In a prefen^d ernbodiment, the method further includes injecting a hardenable 
fluidic sealing material in an annulus between the first tubular member and the 
wellbore. In a prefen-ed embodiment, the method further includes curing the fluidic 

10 sealing material. In a preferred embodiment, the method further includes injecting a 
hardenable fluidic sealing material in an annulus between the second tubular member 
and the wellbore. In a preferred embodiment, the method further includes curing the 
fluidic sealing material. 

An appairatus for forming a mono-diameter wellbore casing within a wellbore 

1 5 has also been described that includes means for providing a lipped portion in the first 
tubular member, means for plastically deforming and radially expanding another portion 
of the first tubular member, means for positioning the second tubular member inside 
the first tubular member in overlapping relation to the lipped portion of the first tubular 
nriember, and means for plastically deforming and radially expanding the second 

20 tubular member The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. In a preferred 
embodiment, the apparatus further includes means for injecting a hardenable fluidic 
sealing material in an annulus between the first tubular member and the wellbore. In a 
preferred embodinnent, the apparatus further includes means for curing the fluidic 

25 sealing material. In a prefered embodiment, the apparatus further includes means for 
injecting a hardenable fluidic sealing material in an annulus between the second 
tubular member and the wellbore. In a preferred embodiment, the apparatus further 
includes means for curing the fluidic sealing material. 

An apparatus for plastically defomning and radially expanding a tubular member 

30 has also been described that includes means for plastically defonning and radially 
expanding a first end of the tubular member, 9nd means for plastically deforming and 
radially expanding a second end of the tubular member. In a preferred embodiment, 
the apparatus further includes means for anchoring the tubular nr>ember during the 
radial expansion. 
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An apparatus for plastically deforming and radially expanding a tubular member 
has also been described that includes a tubular support member including a first 
passage, an expansion cone coupled to the tubular support having a second passage 
fluididy coupled to the first passage and an outer conical surface, an annular 
5 expansion cone launcher movably coupled to outer conical surface of the expansion 
cone, an expandable tubular member coupled to an end of the annular expansion cone 
launcher, a shoe coupled to another end of the annular expansion cone launcher 
having a valveable fluid passage, and another annular exparislon cone movably 
coupled to the tubular support member. The annular expansion cones are positioned 

10 in opposite orientations. In a prefenred embodiment, the annular expansion cone is 
adapted to plastically defomi and radially expand a first end of the expandable tubular 
member and the other annular expansion cone is adapted to plastically deform and 
radially expand a second end of the expandable tubular member. In a prefened 
embodiment, the apparatus further includes an anchoring member coupled to the 

1 5 tubular support member adapted to hold the expandable tubular. 

A method of plastically deforming and radially expanding a tubular member has 
also been described that includes plastically deforming and radially expanding a first 
end of the tubular member, and plastically deforming and radially expanding a second 
end of the tubular member. In a preferred embodiment, the method further includes 

20 anchoring the tubular member during the radial expansion. In a preferred embodiment, 
the first end of the tubular member is plastically deformed and radially expanded before 
the second end. In a preferred embodiment, plastically deforming and radially 
expanding the second end of the tubular member includes injecting a fluidic material 
into the tubular member. 

25 A method of coupling a first tubular member to a second tubular member has 

also t>een described that includes positioning the second tubular member inside the 

first tubu l ar member in an overtapp i ng rel a t i onship, pl a stica l ly d e forming and r a di a l l y — 

expanding the end of the second tubular member that overiaps with the first tubular 
member, and plastically defpnming and radially expanding the remainir^g portion of the 

30 second tubular member. In a preferred embodiment, the method further includes 
plastically deforming and radially expanding at least a portion of the second tubular 
member. In a preferred embodiment, the inside dianneters of the first and second 
tubular members are 8ut)stantially equal after the radial expansions. 
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An apparatus for coupling a first tubular member to a second tubular member 
has also been described that includes means for positioning the second tubular 
member inside the first tubular member in an overlapping relationship, means for 
plastically defomiing and radially expanding the end of the second tubular member that 

. 5 overlaps with the first tubular member, and means for plastically deforming and radially 
expanding the remaining portion of the second tubular member. In a preferred 
embodin)ent, the apparatus further includes means for plastically deforming and 
radially expanding at least a portion of the second tubular member. In a preferred 
embodiment, the in^'de diameters of the first and second tubular members are 

1 0 substantially equal after the radial expansions. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes means for supporting a tubular member within the wellbore, 
means for plastically deforming and radially expanding a first end of the tubular 
member, and means for plastically deforming and radially expanding a second end of 

1 5 the tubular member. In a preferred embodiment, the apparatus further includes means 
for anchoring the tubular member during the radial expansion. In a prefen*ed 
embodiment, the apparatus further includes means for injecting a hardenable flutdic 
sealing material into an annulus t)etween the tubular member and the wellbore. 
An apparatus for forming a wellbore casing within a wellbore has also been 

20 described that includes a tubular support member including a first passage, an 
expansion cone coupled to the tubular support having a second passage fluididy 
coupled to the first passage and an outer conical surface, an annular expansion cone 
launcher movably coupled to outer conical surface of the expansion cone, an 
expandable tubular member coupled to an end of the annular expansion cone 

25 launcher, a shoe coupled to another end of the annular expansion cone launcher 
having a valveable fluid passage, and another annular expansion cone nrx^vably 
coupled to the tubular support member. The annular expansion cones are positioned 
in opposite orientations. In a preferred embodiment, the annular expansion cone is 
adapted to plastically deform and radially expand a first end of the expandable tubular 

30 member and the other annular expansion cone is adapted to plastically deform and 
radially expand a second end of the expandable tubular member. In a preferred 
embodiment, the apparatus further includes an anchoring member coupled to the 
tubular support member adapted to hold the expandable tubular. 
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A method of forming a wellbore casing within a wellbore has also been 
described that includes plastically defonning and radially expanding a first end of the 
tubular member, and plastically defomning and radially expanding a second end of the 
tubular member. In a preferred embodiment, the method further includes anchoring the 
5 tubular member during the radial expansion. In a preferred embodiment, the first end 
of the tubular member is plastically deformed and radially expanded before the second 
end. In a preferred embodiment, plastically defonming and radially expanding the 
second end of the tubular nfiember includes injecting a fluidic material into the tubular 
member. In a preferred embodiment* the method further includes injecting a 
1 0 hardenable fluidic sealing material into an annulus between the tubular member and 
the wellbore. 

A method of fonming a wellbore casing within a wellbore has also been 
described that includes plastically deforming and radially expanding a first tubular 
member within the wellbore. positioning a second tubular member inside the first 

1 5 tubular member in an overlapping relationship, plastically deforming and radially 
expanding the end of the second tubular member that overiaps with the first tubular 
member, plastically deforming and radially expanding the remaining portion of the 
second tubular member. In a prefenred embodiment, the method further includes 
plastically deforming and radially expanding at least a portion of the second tubular 

20 member. In a preferred embodiment, the inside dianrteters of the first and second 
tubular members are substantially equal after the radial expansions. In a preferred 
embodiment, the method further includes injecting a hardenable fluidic sealing material 
into an annulus between the first tubular member and the wellbore. In a preferred 
embodiment, the method further includes injecting a hardenable fluidic sealing material 

25 into an annulus between the second tubular member and the wellbore. 

An apparatus for forming a wellbore casing within a wellbore has also been 

d es crib e d th a t inc l ude s m ea n s fo r p la sti cal ly d e fonming and r a dially exp a ndi ng a fi r s t — 

tubular member within the wellbore. nr^ans for positioning the second tubular member 
inside the first tubular ntember in an overiapping relationship, means for plastically 

30 defontiing and radially expanding the end of the second tubular member that overlaps 
with the first tubular member, means for plastically defomning and radially expanding 
the remaining porflon of the second tutnilar member. In a prefenred embodiment, the 
apparatus further includes means for plastically deforming and radially expanding at 
least a portion of the second tubular memt)er. In a preferred embodiment, the inside 
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diameters of the first and second tubular members are substantially equal after ttie 
radial expansions. In a preferred embodiment, the apparatus further includes means 
for injecting a hardenable fluidic sealing material Into an annulus between the first 
tubular member and the wellbore. In a preferred embodiment, the apparatus further 
includes means for injecting a hardenable fluidic sealing material into an annulus 
between the second tubular member and the wellbore. 

An apparatus for bridging an axial gap between opposing pairs of wellbore 
casing within a wellbore has also been described that includes means for supporting a 
tubular member iri overlapping relation to the opposing ends of the wellbore casings, 
means for plastically deforming and radially expanding the tubular member, and means 
for plastically deforming and radially expanding the tubular member and the opposing 
ends of the wellbore casings. 

A method of bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore has also been described that includes supporting a tubular member in 
overiapping relation to the opposing ends of the wellbore casings, plastically deforming 
and radially expanding the tubular member, and 

plastically deforming and radially expanding the tubular member and the opposing 
ends of the wellt)ore casings. 

A method of forming a structure having desired strength characteristics has also 
been described that includes providing a first tubular member, and plastically defomiing 
and radially expanding additional tubular members onto the interior surface of the first 
tubular member until the desired strength characteristics are achieved. 

A method of forming a wellbore casing within a wellbore having desired strength 
characteristics has also been described that includes plastically defonning and radially 
expanding a first tubular member within the wellbore, and plastically defomiing and 
radially expanding additional tubular members onto the interior surface of the first 
tubular member until the desired strength characteristics are achieved. 

A method of coupling a first tubular member to a second tubular member, the 
first tubular member having an original outside diameter ODo and an original wall 
thidcness lb. has also been described that includes plastically defomiing and radially 
expanding a first portion of the first tubular member to a first outside diameter, 
plastically deforming and radially expanding another portion of the first tubular member 
to a second outside diameter, positioning the second tubular member Inside the first 
tubular member in overlapping relation to the first portion of the first tubular member, 
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plastically deforming and radially expanding the second tubular member to a third 
outside diameter, and plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter, wherein the inside diameters of the first and 
second tubular members after the plastic defonmations and radial expansions are 
5 substantially equal, and 

wherein the ratio of the original outside diameter ODo of the first tubular member to the 
original wall thickness to of the first tubular member is greater than or equal to 1 6. 

A method of forming a mono-diameter wellbore casing has also been descrit)ed 
that includes positioning a first tubular member within a wellbore, the first tubular 

1 0 member having an original outside diameter ODo and an original wall thickness to. 

plastically defonming and radially expanding a first portion of the first tubular member to 
a first outside diameter, plastically deforming and radially expanding another portk>n of 
the first tubular member to a second outside diameter, posittoning the second tubular 
member inside the first tubular member in overlapping retatk}n to the first portion of the 

1 5 first tubular member, plastically defomiing and radially expanding the secorxJ tubular 
member to a third outside diameter^ and plastically deforming and radially expanding 
the second tubular member to a fourth outskle diameter. The inside diameters of the 
first and second tubular members after the plastic deformations and radial expansions 
are substantially equal, and wherein the ratk) of the original outside diameter ODo of 

20 the first tubular member to the original wall thickness to of the first tubular member is 
greater than or equal to 1 6. 

An apparatus has also been described that includes a plastically deformed and 
radially expanded tubular member having a first portion having a first outside diameter 
and a remaining portion having a second outside diameter, wherein the ratio of the 

.25 original outside diameter ODo of the first tubular member to the original wall thickness to 
of the first tubular member is greater than or equal to 16. 

— : An a pp a r a t us has al s o be e n d es cribed that inc l ud e s a p las tic a lly d e fonn e d and 

radially expanded first tubular memt>er having a first portion having a first outside 
diameter and a remaining portion having a second outside diameter, and a plastically 

30 deformed and radially expanded second tubular member coupled to the first portion of 
the first tubular member. The ratio of the original outside diameter ODo of the first 
tubular member to the original wall thickness to of the first tubular member is greater 
than or equal to 16. In a preferred embodiment, the inskle diameters of the first and 
second tubular memt)er5 are substantially equal. 
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A wellbore casing formed in a wellbore has also been described that includes a 
plastically deformed and radially expanded first tubular member having a first portion 
having a first outside diameter and a remaining portion having a second outside 
diameter, and a plastically deformed and radially expanded second tubular member 

5 coupled to the first portion of the first tubular member. The ratio of the original outside 
diameter ODo of the first tubular member to the original wail thickness to of the first 
tubular member is greater than or equal to 1 6. In a preferred embodiment, the inside 
diameters of the first and second tubular members are substantially equal. 

An apparatus has also been described that includes a plastically deformed and 

10 radially expanded tubular member. In a preferred embodiment, the ratio of the original 
outside diameter ODo of the tubular member to the original wall thidcness to of the 
tubular member is greater than or equal to 1 6. 

In several altemative embodinfients. the methods and apparatus described and 
referenced above may be used to form or repair wellbore casings, pipelines, and 

15 structural supports. 

Although this detailed description has shown arKl described illustrative 
embodiments of the invention, this description contemplates a wide range of 
modifications, changes, and substitutions. In some ir)stances, one may employ some 
features of the present invention without a corresponding use of the other features. 

20 Accordingly, it is appropriate that readers should construe the appended claims 
broadly, and in a manner consistent with the scope of the invention. 
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Claims 

1 . A method of coupling a first tubular memt)er to a second tubular member, 
comprisir^: 

plastically defomning and radially expanding a first portion of the first tubular 
member to a first outside cliameten 

plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter; 

positioning the second tubular member inside the first tubular memt)er in 
overlapping relation to the first portion of the first tubular nnemben 

plastically deforming and radially expanding the second tubular member to a 
third outside diameter, and 

plastically deforming and radially expanding the second tubular member to a 
fourth outstdediameten 

wherein the first and second tubular members after the plastic defonmations and 
radial expansions define a passage having a constant cross sectional area. 

2. The method of daim 1 , wherein the first outside diameter is greater than the 
second outside diameter. 

20 3. The method of claim 1 , wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical 

sleeve. 

25 4. The method of daim 3, wherein the conical sleeve is frangible. 

— The4TOt hod of daim 3, wh e re i n th e conic a l s l ee v e i s e lastic. 

6. The method of daim 3, wherein the conical sleeve comprises a plurality of 
30 arcuate elements. 

7. The method of daim 1 , wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 



10 
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inflatable bladder. 

8. The method of claim 1 , wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

5 applying a radial force to the first i^rtion of the first tubular member using a 

roller expansion device. 

9. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

1 0 means for plastically deforming and radially expanding a first portion of the first 

tubular member to a first outside diameter; 

means for plastically deforming and radially expanding another portion of the 
first tubular member to a second outside diameter; 

means for positioning the second tubular member inside the first tubular 
1 5 member in overtapping relation to the first portion of the first tubular member; 

means for plastically deforming and radially expanding the second tubular 
member to a third outside diameten and 

means for plastically defonming and radially expanding the second tubular 
member to a fourth outside diameter, 
20 wherein the first and second tubular members after the plastic deformations and 

radial expansions define a passage having a constant cross sectional area. 

1 0. The apparatus of daim 9, wherein the first outside diameter is greater than the 
second outside diameter. 

25 

1 1 . The apparatus of claim 9, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

30 

12. The apparatus of daim 1 1 , wherein the conical sleeve is frangible. 

1 3. The apparatus of claim 1 1 , wherein the conical sleeve is elastic. 
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14. The apparatus of daim 11, wherein the conical sleeve comprises a plurality of 
arcuate elernents. 



1 5. The apparatus of dainfi 9, wherein the nieans for plastically deforming and 
5 radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using an inflatable bladder. 

1 6. The apparatus of daim 9, wherein the means for plastically deforming and 
1 0 radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using a roller expansion device. 

17. A nf^thod of forming a mono-diameter wellbore casing within a weltbore, 
15 comprising: 

supporting a first tubular member within the wellbore; 
plastically defonming and radially expanding a first portion of the first tubular 
member to a first outside diameter; 

plastically defonming and radially expanding another portion of the first tubular 
20 member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overiapping relation to the radially expanded first portion of the first tubular member, 
plastically defomriihg and radially expanding the second tubular member to a 
third outside diameter, and 
25 plastically defonming and radially expanding the second tubular member to a 

fourth outside diameter, 
wh e r e in the fir s t and s e cond tubular m e mbers aft o r th e plastic d e fonnations a nd 



radial expansions define a passage having a constant cross sectional area. 

30 1 8. Ttie method of daim 1 7, wherein the first outside diameter is greater than the 
second outside diameter. 

19. The method of daim 17, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 
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applying a radial force to the portion of the tubular member using a conical 

sleeve. 

20. The method of daim 19, wherein the conical sleeve is frangible. 

5 

21. The method of daim 19, wherein the conical sleeve is elastic. 

22. The method of daim 1 9, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

10 

23. The method of daim 17. wherein plastically defomiing and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
inflatable bladder. . 

15 

24. The method of daim 17, wherein plastically defomiing and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a 
roller expansion device. 

20 

25. The method of claim 17, further comprising: 

injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the first tubular member and the wellbore. 

25 26- The method of daim 25, further comprising: 

curing the annular body of hardenable fluidic sealing material. 

27, The method of daim 17, further comprising: 

injecting an annular body of a hardenable fluidic sealing material into an annulus 
30 between the second tubular member and the wellbore. 

28. The method of daim 27, further comprising: 

curing the annular body of hardenable fluidic sealing material. 
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29. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for plastically defonning and radially expanding a first portion of the first 
tubular member to a first outside diameter; 
5 means for plastically deforming and radially expanding another portion of the 

first tubular member to a second outside diameter, 

means for positioning the second tubular member inside the first tubular 
member in overiapping relation to the radially expanded first portion of the first tubular 
member, 

10 means for plastically deforming and radially expanding the second tubular 

member to a third outside diameter, and 

mearis for plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter, 

wherein the first and second tubular members after the plastic deformations and 
1 5 radial expansions define a passage having a constant cross sectional area. 

30. The apparatus off daim 29, wherein the first outside diameter is greater than the 
second outside diameter. 

20 31 . The apparatus of daim 29, wherein the means for plastically defonming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

25 32. The apparatus of daim 31 , wherein the conical sleeve is frangible. 

33i — Th e a ppar a tu s of d a im 31, wh e r e in th e conica l s l ee v e i s el astic. 

34. The apparatus of daim 31 , wherein the conical sleeve comprises a plurality of 
30 arcuate elements. 

35. The apparatus of daim 29, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
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using an inflatable bladder. 

36. The apparatus of daim 29, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

5 ^ means for applying a radial force to the first portion of the first tubular member 
using a roller expansion device. 

37. The apparatus of daim 29. further oomprising: 

means for injecting an annular body of a hardenable fluidic sealing material Into 
10 an annulus between the first tubular member and the wellbore. 

38. . The apparatus of daim 37, further comprising: 

means for curing the annular t>ody of hardenable fluidic sealing material. 

1 5 39. The apparatus of daim 29, further comprising: 

means for injecting an annular body of a hardenable fluidic sealing material into 
an annulus between the second tubular member and the wellbore. 

40. The apparatus of daim 39, further comprising: 

20 means for curing the annular body of hardenable fluidic sealing material. 

41 . A method of coupling a first tubular member to a second tubular member, the first 
tubular member having an original outside diameter ODq and an original wall thickness 
to. comprising: 

25 plastically deforming and radially expanding a first portion of the first tubular 

member to a first outside diameter. 

plastically defomiing and radially expanding another portion of the first tubular 
member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
30 overiapping relation to the first portion of the first tubular member; 

plastically deforming and radially expanding the second tubular member to a third 
outside diameter, and 

plastically defomning and radially expanding the second tubular niember to a 
fourth outside diameter; 
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wherein the inside diameters of the first and second tubular members after the 
plastic deformations aritd radial expansions are substantially equal; and 

wherein the ratio of the original outside diameter ODo of the first tubular member 
to the original wall thickness to of the first tubular member is greater than or equal to 
5 16. 

42. A method of forming a mono-diameter wellbore casing, comprising; 

positioning a first tubular member within a wellbore, the first tubular member 
having an original outside diameter ODo and an original wall thickness to; 
1 0 plastically defonning and radially expanding a first portion of the first tubular 

member to a first outsMe diameter, 

plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
1 5 overiapping relation to the first portion of the first tubular member, 

plastically deforming and radially expanding the second tubular nnember to a third 
outside diameter, and 

plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter; 
20 wherein the inside diameters of the first and second tubular members after the 

plastic defomnations and radial expansions are substantially equal; and 

wherein the ratio of the original outside diameter ODo of the first tubular member 
to the original wall thickness to of the first tubular member is greater than or equal to 
16. 
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1 . An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

means for plastlcaHy defomiing and radially expanding a first portion of the 
tubular member to a first outside diameter, and 
.5 rneans for plastically defomiing and radially expanding a second portion of the 

tubular member to a second outside diameter. 

2. The apparatus of daim 1 , wherein the first outside diameter Is greater than the 
second outside diameter. 

10 

3. , The apparatus of daim 1, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter Is 
removable. 

15 4. The apparatus of daim 1 , wherein the means for plastically defomiing and 

radially expanding the first portion of \he tubular memt)er to the first outside diameter is 
frangible. 

5. The apparatus of daim 1 , wherein the means for plastically deforming and 

20 radially expanding the first portion of ttie tubular member to the first outside diameter is 
elastic. 

6. The apparatus of claim 1 , wherein Uie means for plastically defomiing and 
radially expanding the first portion of the tubular member to the first outside diameter 

25 comprises means for applying a radial force to ttie first portion of the tubular member. 

7. The apparatus of claim 1 . wherein Uie means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
inflatable. 

30 

8. The apparatus of daim 1 , wherein the means for pl^tically deforming and 
radially expanding ttie first portion of the tubular member to ttie first outside diameter 
indudes rolling means for applying radial pressure to the first portion of Uie tubular 
member. 
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9. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

a tubular support member including a first fluid passage; 
5 an expansion cone coupled to the tubular support member having a second 

fluid passage fluididy coupled to the first fluid passage and an outer 
conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

10 an annular expansion cone launcher coupled to the conical sleeve and a lower 

portion of the tubular member; and 
a shoe having a vatveable passage coupled to an end of the expansion cone 
launcher. 

15 10. The apparatus of daim 9. wherein the conical sleeve Is frangible. 

1 1 . The apparatus of daim 9, wherein the cortical sleeve is elastic. 

12. The apparatus of daim 9, wherein the conical sreeve comprises a plurality of 
20 arcuate elements. 

1 3. A method of plastically defomning and radially expanding a tubular member, 
comprising: 

plastically defomiing and radially expanding a portion of the tubular member to 
25 a first outside diameter, and 

plastically defonning and radially expanding another portion of the tubular 
'. member to a second outside diamftter 

14. The method of claim 1 3, wherein the first diameter is greater than the second 
30 diameter. 

15. The rnethod of daim 13, wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 
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applying a radial force to the portion of the tubular nriember using a conical 
sleeve. 

16. The method of daim 15, wherein the oonical sleeve is frangible. 

5 

17. The nnethod of daim 15. wherein the conical sleeve is elastic. 

18. The method of claim 15, wherein the conical sleeve comprises a plurality of 
arcuate elements. . 

10 

1 9. The method of daim 13, wherein plastically defomiing and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
15 bladder. 



20. The method of claim 13, wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tut>uiar member using a roller 
20 expansion device. 

21 . A method of coupling a first tubular memt)er to a second tubular memt>er, 
comprising: 

plastically disforming and radially expanding a first portion of the first tubular 
25 member to a first outside diameten 

plastically defomning and radially expanding another portion of the first tubular 

member to a second outside diameter; 
positioning the second tubular member inside the first tubular member in 

overtapping relation to the first portion of the first tubular member; 
30 plastically defomning and radially expanding the second tubular member to a 

third outside diarneter, and 
plastically deforming and radially expanding the second tubular member to a 

fourth outside diameter; 
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wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

22. The method of daim 21 , wherein the first outside diameter is greater than the 
5 second outside diameter 

23. The method of claim 21, wherein plastically defomning and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical 
10 sleeve. 

24. The method of daim 23, wherein the conical sleeve is frangible. 

25. The method of daim 23, wherein the conical sleeve is elastic. 

15 

26. The method of claim 23, wherein the conical sleeve comprises a plurality of 
arcuate elements; 

27. The method of daim 21 , wherein plastically defomiing and radially expanding the 
20 first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular memt)er using an 
inflatable bladder. 

28. The method of claim 21, wherein plastically deforming and radially expanding the 
25 first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a 
roller expansion device. . 

29. An apparatus for coupling a first tubular nnember to a second tubular member, 
30 comprising: 

means for plastically deforming and radially expanding a first portion of the first 

tubular member to a first outside diameter, 
means for plastically deformirtg and radially expanding another portion of the 

first tubular member to a second outside diameter, 
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means for positioning the second tubular memt)er inside the first tubular 
member in overlapping relation to the first portion of the first tubular 
member; 

means for plastically defomiing and radially expanding the secorid tubular 
5 member to a third outside diameter; and 

means for plastically deforming and radially expanding the second tubular 

member to a fourth outside diameter, 
wherein the inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions are. substantially equal. 

10, 

30. The apparatus of daim 29, wherein the first outside diameter is greater than the 
second outside diameter. 

31 . The apparatus of claim 29. wherein the means for plastically deforming and 
1 5 radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

32. The apparatus of claim 31 , wherein the conical sleeve is frangible. 

20 

33. The apparatus of claim 31 , wherein the conical sleeve is elastic. 

34. The apparatus of claim 31 . wherein the conical sleeve comprises a plurality of 
arcuate elements. 

25 

35. The apparatus of claim 29, wherein the means for plastically defomriing and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using an Inflatable bladder. 

30 

36. The apparatus of daim 29, wherein the means for plastically defonming and 
radially exparKiing the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using a roller expansion device. 

35 
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37. An apparatus for forming a wellbore casing within a wellbore» comprising: 

means for supporting a tubular member within the wellbore; 

means for plastically deforming and radially expanding a first portion of the 

tubular nnember to a first outside diameter; and 
5 means for plastically deforming and radially expanding a second portion of the 

tubular member to a second outside diameter. 

38. The apparatus of daim 37, wherein the first outside diameter Is greater than the 
second outside diameter. 

10 

39. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
removable. 

15 40. The apparatus of claim 37, wherein the means for plastically deforming and 

radially expanding the first portion of the tubular member to the first outside diameter Is 
frangible. 

41 . The apparatus of daim 37. wherein the means for plastically deforming and 

20 radially expanding the first portion of the tubular member to the first outside diameter is 
elastic. 

42. The apparatus of daim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular n^ember to the first outside diameter 

25 comprises means for applying a radial force to the first portion of the tubular member. 

43. The apparatus of daim 37. wherein the means for plastically defomning and 

radially expanding the first portion of the tubular member to the first outside diameter is 
inflatable. 

30 

44. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter 
comprises rolling means for applying radial pressure to the first portion of the tubular 
member. 
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45. The apparatus of claim 37, further comprising: 

means for forming an annular body of a fluidic sealing material within an 
annulus between the tubular member and the wellbore. 

5 

46. An apparatus for fomning a weilbore casing within a weilbore. comprising: 

a tubular support member including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second 
fluid passage fluididy coupled to the first fluid passage and an outer 
10 conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular member and 
1 is a shoe having a valveable passage coupled to an end of the expansion cone 

launcher. 

47. The apparatus of claim 46, wherein the conical sleeve is frangible. 

20 48. The apparatus of claim 46. wherein the conical sleeve is elastic. 

49. The apparatus of claim 46, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

25 50. A method of fonming a weilbore casing within a weilbore, comprising: 
supporting a tubular member within a weilbore; 

plastically deforming and radially expanding a portion of the tubular member to 

a first outside diameter, and 
plastically deforming and radially expanding another portion of the tubular 
30 member to a second outside diameter. 

51 . The method of claim 50, wherein the first diameter is greater than the second 
diameter. 
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52. The method of claim 50. wherein ptasticaily defomning and radially expanding the 
portion of the tubular memt)er comprises: 

applying a radial force to the portion of the tubular member using a conical 
sleeve. 

5 

53. The method of claim 50, wherein the conical sleeve is frangible. 

54. The method of claim 50, wherein the conical sleeve is elastic. 

1 0 55. The method of daim 50, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

56. The method of claim 50, wherein plastically defomning and radially expanding the 
portion of the tubular member comprises: 

1 5 applying a radial force to the portion of the tubular member using an inflatable 

bladder. 

57. The method of daim 50, wherein ptasticaily deforming and radially expanding the 
portion of the tubular member comprises: 

20 applying a radial force to the portion of the tubular member i^ing a roller 

expansion device. 

58. The method of claim 50, further comprising: 

injecting an annular body of a hardenable fluidic sealing material into an 
25 annulus between the tubular member and the wellbore. 

59. The method of daim 58, further comprising : 

curing the annular body of hardenable fluidic sealing material. 

30 60. A method of formirig a mono-diameter wellbore casing.within a wellbore, 
comprising: 

supporting a first tubular member within the wellbore; 
plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter 
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plastically deforming and radially expanding another portion of the first tubular 

mennber to a second outside diameten 
positioning the second tubular member inside the first tubular member in 

overlapping relation to the first portion of the first tubular member; 
5 plastically deforming and radially expanding the second tubular member to a 

third outside diameter; and 
plastically deforming and radially expanding the second tubular member to a 

fourth outside diameter, 
wherein the inside diameters of the first and second tubular members after the 
1 0 plastic deformations and radial expansions are substantially equal. 

61 . The method of claim 60, wherein the first outside diameter is greater than the 
second outside dianneter. 

15 62. The method of daim 60. wherein plastically deforming and radially expanding the 
first portion of the first tubular nrteniber compriises: 

applying a radial force to the portion of the tubular member using a conical 
sleeve. 

20 63. The method of daim 62, wherein the conical sleeve is frangible. 

64. The method of daim 62, wherein the conical sleeve is elastic. 

65. The method of daim 62, wherein the conical sleeve comprises a plurality of 
25 arcuate elements. 

66. The method of daim 60. wherein plastically defomiing and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
30 inflatable bladder. 

67. The method of daim 60, wherein plastically defomiing and radially expanding the 
first portion of the first tubular member comprises: 
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applying a radial force to the first portion of the first tubular memt)er using a 
roller expansion device. 

68. The method of claim 60, further comprising: 
5 injecting an annular body of a hardenable fluidic sealing material into an 

annulus t>etween the first tubular member and the wellbore. 



69. The method of dalm 68. further comprising: 

curing the annular body of hardenable fluidic seaDng material. 

10 

70. The method of dalm 60, further comprising: 

injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the second tubular member and the wellt)ore. 

15 71 . The method of dalm 70, further comprising: 

curing the annular body of hardenable fluidic sealing material. 



72. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

20 means for plastically defonming and radially expanding a first portion of the first 

tubular member to a first outside diameter; 
means for plastically deforming and radially expanding another portion of the 

first tubular memt>er to a second outside diameter, 
means for positioning the second tubular member inside the first tubular 
25 member in overiapping relation to the first portion of the first tubular 

member; 

means for plastically deforming and radially expanding the second tubular 

member to a third outside diameter; and 
means for plastically defonming and radially expanding the second tubular 
30 member to a fourth outside diameter; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 



75 



73. The apparatus of claim 72, wherein the first outside diameter is greater than the 
second outside diameter 

74. The apparatus of claim 72« wherein the means for plastically deforming and 
5 radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

The apparatus of dalm 74, wherein the conical sleeve Is frangible. 
The apparatus of claim 74, wherein the conical sleeve is elastic. 

77. The apparatus of daim 74, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

15 

78. The apparatus of claim 72» wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular niember 
using an inflatable bladder. 

20 

79. The apparatus of daim 72, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using a roller expansion device. 

25 

80. The apparatus of daim 72, further comprising: 

means for injecting an annular body of a hardenable fluldic sealing material into 
an annulus between the fust tubular member and the wellbore. 

30 81. The apparatus of daim 80, further con^rising: 

means for curing the annular body of hardenable fluidic sealing material. 

82. The apparatajs of daim 72, further comprising: 



75. 
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76. 
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means for injecting an annular body of a hardenable fluidic sealing niaterial into 
an annulus between the second tubular member and the wellbore. 



83. The apparatus of daim 82, further comprising: 

5 means for curing the annular body of hardenable fluidic sealing material. 

84. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

means for providing a lipped portion in a portion of the tubular member; and 
1 0 means for plastically deforming and radially expanding another portion of the 

tubular member, 

85. An apparatus for plastically deforming and radially expanding a tubular memt)er. 
. comprising: 

15 a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer 
conical surface; 
an annular expansion cone launcher comprising: 
20 a first annular portion coupled to a lower portion of the tubular member; 

a second annular portion coupled to the first annular portion that mates 

with the outer conical surface of the expansion cone; 
a third annular portion coupled to the second annular portion having a 
first outside diameter; and 
25 a fourth annular portion coupled to the third annular portion having a 

second outside diameter; 

wherein the second outside diameter is less than the first outside 

diameter, and 

a shoe having a valveable passage coupled to fourth annular portion of the 
30 expansion cone launcher 

86. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

providing a lipped portion in a portion of the tubular member, and 
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plastically deforming and radially expanding another portion of the tubular 
member. 



87. A method of coupling a first tubular member to a second tubular member, 
5 comprising: 

providing a lipped portion in a portion of the first tubular member; 
plastically deforming and radially expanding another portion of the first tubular 
member; 

positioning the second tubular member inside the first tubular member in 
10 overtapping relation to the lipped portion of the first tubular member, and 

plastically deforming and radially expanding the second tubular member; 
wherein the Inside diameters of the first and second tubular members after the 
plastic defomiations and radial expansions are substantially equal 

15 88. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for providing a lipped portion in the first tubular member; 
means for plastically defomiing arid radially expanding another portion of the 
first tubular member; 

20 means for positioning the second tubular member inside the first tubular 

member in overlapping relation to the lipped portion of the first tubular 
member; and 

means for plastically defomiing and radially expanding the second tubular 
member; 

25 wherein the inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions are substantially equal 

89. An apparatus for forming a wellbore casing within a weilbore, comprising: 

means for supporting a tubular member within the wellbore; 
30 means for providing a lipped portion in the tubular member, and 

means for plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. 

90. An apparatus for forming a wellbore casing within a wellbore, comprising: 
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a tubular support member including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second 
fluid passage fluididy coupled to the first fluid passage and an outer 
conical surface; 
5 an annular expansion cone launcher comprising: 

a first annular portion coupled to a tower portion of the tubular member, 
a second annular portion coupled to the first annular portion that mates 

with the outer conical surface of the expansion cone; 
a third annular portion coupled to the second annular portion having a 
1 0 first outside diameter, and 

a fourth annular portion coupled to the third annular portion having a 

second outside diameten 
wherein the second outside diameter is less than the first outside 
diameten and 

15 a shoe having a valveable passage coupled to fourth annular portion of the 

expansion cone launcher. 

91 . A method of forming a welibore casing in a wellbore, comprising: 
supporting a tubular member within the wellbore; 
20 providing a lipped portion in a portion of the tubular member; and 

plastically defomning and radially expanding another portion of the tubular 
member. 



92. The method of daim 91 , further comprising: 
25 injecting a hardenable fluidic sealing material In an annulus between the tubular 

member and the wellbore. 



93. The rnethod of claim 92. further comprising: 
curing the fluidic sealing material. 

30 

94. A method of fonming a mono-diameter wellbore casing within a welibore, 
comprising: 

supporting a first tubular member within the wellbore; 

providing a lipped portion in a portion of the first tubular member. 
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plastically defonming and radially expanding another portion of the first tubular 
member; 

positioning the second tubular member inside the first tubular member in 

overlapping relation to the lipped portion of the first tubular member and 
5 plastically deforiming and radially expanding the second tubular member, 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

95. The method of claim 94. further comprisirig: 
1 0 injecting a hardenable fluidic sealing material in an annulus between the first . 

tubular member and the wellbore. 



96. The method of claim 95, further comprising: 
curing the fluidic sealing material. 

97. The method of daim 94. further comprising: 

injecting a hardenable fluidic sealing material in an annulus between the second 
tubular member and the wellbore. 



15 



20 98. The method of claim 97, further comprising: 
curing the fluidic sealing material. 

99. An apparatus for forming a mono-diameter wellbore casing within a wellbore. 
comprising: 

25 means for providing a lipped portion in the first tubular member, 

means for plastically deforming and radially expanding another portion of the 

first tubular member; 
means for positioning the second tubular member inside the first tubular 

member in overiapping relation to the lipped portion of the first tubular 

30 member, and 

means for plastically defonning and radially expanding the second tubular 
member; 

wherein the inside diameters of the first and second tubular members after the 
plastic defonnations and radial expansions are substantially equal. 

80 
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100. The apparatus of claim 99, further comprising: 

means for injecting a hardenabie fluidic sealing material in an annulus between 
the first tubular member and the wellbore. 

1 01 . The apparatus of daim 1 00, further comprising: 
means for curing the fluidic sealing material. 



1 02. The apparatus of daim 99, further comprising: 
10 means for injecting a hardenabie fluidic sealing material in an annulus between 

the second tubular member and the wellbore. 
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103. The apparatus of daim 102. further comprising: 
means for curing the fluidic sealing material. 



104. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

means for plastically deforming and radially expanding a first end of the tubular 
memt)er, and 

20 means for plastically deforming and radially expanding a second end of the 

tubular member. 



105. The apparatus of daim 104, further comprising: 

means for anchoring the tubular member during the radial expansion. 

25 

106. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: , 

a tubular support memt>er induding a first passage; 
an expansion cone coupled to the tubular support having a second passage 
30 fluidicly coupled to the first passage and an outer conical surface; 

an annular expansion cone launcher movably coupled to outer conical surbce 

of the expansion cone; 
an expandable tubular memt>er coupled to an end of the annular expansion 
cone launcher; 
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a shoe coupled to another end of the annular expansion cone launcher having a 

valveabte fluid passage; and 
another annular expansion Qone movably coupled to the tubular support 

member; 

5 wherein the annular expansion cones are posifoned in opposite ortentations. 

107. The apparatus of claim 106, wherein the annular expanston cone Is adapted to 
plastically defonm and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically defomi and radially 

1 0 expand a second end of the expandable tubular member. 

1 08. The apparatus of daim 1 06, further comprising: 

an anchoring member coupled to the tubular support member adapted to hold 
the expandable tubular. 

15 

109. A method of plastically defomning and radially expanding a tubular member, 
comprising: 

plastically defomning and radially expanding a first end of the tubular member; 
and 

20 plastically defonning and radially expanding a second end of the tubular 

member. 

1 1 0. The method of daim 1 09, further comprising: 
anchoring the tubular member during the radial expansion. 

25 

111. The method of daim 109, wherein the first end of the tubular member is 
plastically defbnmed and radially expanded before the second end. 

1 12. The method of daim 109, plastically deforming and radially expanding the 

30 second end of the tubular member comprises injecting a fluidic material into the tubular 
member. 

1 1 3. A method of coupling a first tubular member to a second tubular member, 
comprising: 
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positioning the second tubular member inside the first tubular member in an 

overlapping relationship; 
plastically defonning and radially expanding the end of the second tubular 

nnember that overlaps with the first tubular member; 
5 plastically defonming and radially expanding ttie remaining portion of the second 

tubular member. 



114. TTiemethodof claim 113, further comprising: 

plastically defomning and radially expanding at least a portion of the second 
10 tubular member. 

115. The method of claim 1 14, wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

15 1 1 6. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for positioning the second tubular member inside the first tubular 

member in an overlapping relationship; 
means for plastically defonming and radially expanding the end of the second 
20 tubular member that overlaps with the first tubular member; 

means for plastically deforming and radially expanding the remaining portion of 

the second tubular member. 



117. The apparatus of claim 1 16, further comprising: 

25 means for plastically deforming and radially expanding at least a portion of the 

second tubular member. 

118. The apparatus of daim 117, wherein the Inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

30 

11 9. An apparatus for forming a wellbore casing within a weilbore, comprising: 

means for supporting a tubular member within the wellbore; 
means for plastically deforming and radially exparxiing a first end of the tubular 
member; and 
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means for plastically deforming and radially expanding a second end of the 
tubular member. 

1 20. The apparatus of daim 119, further comprising: 
5 means for anchoring the tubular member during the radial expansion. 

The apparatus of daim 119. further comprising: 
means for injecting a hardenable fluidic sealing material into an annulus 
between the tubular member and the wellbore. 

An apparatus for forming a wellbore casing within a wellbore. comprising: 
a tubular support member induding a first passage; 
an expansion cone coupled to the tubular support having a second passage 

fluididy coupled to the first passage and an outer conical surface; 
an annular expansion cone launcher movably coupled to outer conical surface 

of the expansion cone; 
an expandable tubular member coupled to an end of the annular expansion 
cone launcher, 

a shoe coupled to another end of the annular expansion cone launcher having a 

valveable fluid passage; and 
another annular expansion cone movably coupled to the tubular support 
memt>er; 

wherein the annular expansion cones are positioned in opposite orientations. 

25 123. The apparatus of claim 122. wherein the annular expansion cone is adapted to 
plastically defonm and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically deform and radially 
expand a second end of the expandable tubular member. 

30 1 24. The apparatus of daim 1 22. further comprising: 

an anchoring member coupled to the tubular support member adapted to hold 
the expandable tubular. 

125. A method of forming a wellbore casing within a wellbore, comprising: 



121. 
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122. 



15 



20 



84 



plastically deforming and radially expanding a first end of the tubular member; 
and 

plastically defonfning and radially expanding a second end of the tubular 
member. 

5 

1 26. The method of daim 1 25, further comprising: 
anchoring the tubular member during the radial expansion. 

127. The method of claim 125, wherein the first end of the tubular member is 
10 plastically deformed and radially expanded before the second end. 

128. The method of daim 125, plastically deforming and radially expanding the 
second end of the tubular member comprises Injeding a fluidic material into the tubular 
member. 

15 

*i 129. The method of daim 125, further comprising: 

injeding a hardenable fluidic sealing material into an annulus between the 
tubular member and the wellbore. 

20 130. A method of forming a wellbore casing within a wellt)ore, comprising: 

plastically deforming and radially expanding a first tubular member within the 
wellbore; 

positioning a second tubular member inside the first tubular member in an 

overiapping relationship; 
25 plastically deforming and radially expanding the end of the second tubular 

member that overiaps with the first tubular memt>er, 
plastically deforming and radially exparKling the remaining portion of the second 

tubular member. 



30 131. Themethodof daim 130» further comprising: 

plastically deforming and radially expanding at least a portion of the second 
tubular member. 
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132. The method of claim 131. wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

5 1 33. The method of claim 1 30, further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the first 
tubular member and the wellbore. 

1 34. The method of claim 1 30, further comprising: 
1 0 injecting a hardenable fluidic sealing material into an annulus between the 



135. An apparatus for forming a wellbore casing within a wellbore, comprising: 

means for plastically deforming and radially expanding a first tubular member 



second tubular member and the wellbore. 



15 



within the wellbore; 



means for positioning the second tubular member inside the first tubular 
memt>er in an overiapping relationship; 



means for plastically defonning and radially expanding the end of the second 
tubular member that overtaps with the first tubular member. 



20 



means for plastically deforming and radially expanding the remaining portion of 
the second tubular member. 



25 



136. 



The apparatus of daim 135, further comprising: 

means for plastically deforming and radially expanding at least a portion of the 
second tubular member. 



137. The apparatus of daim 136, wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 



30 



1 38. The apparatus of daim 1 35, further comprising: 

means for injecting a hardenable fluidic sealing material into an annulus 
between the first tubular member and the weinx)re. 
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139. 



The apparatus of daim 135, further comprising: 
means for injecting a hardenable fluidic sealing material into an annulus 
between the second tubular member and the weilbore. 



5 140. An apparatus for bridging an axial gap between opposing pairs of weilbore casing 
within a weilbore, comprising: 

means for supporting a tubular member in overiapping relation to the opposing 

ends of the weilbore casings; 
means for plastically deforming and radially expanding the tubular member, and 
1 0 means for plastically deforming and radially expanding the tubular member and 

the opposing ends of the weilbore casings. 

141 . A method of bridging an axial gap between opposing pairs of weilbore casing 
within a weilbore, comprising: 

1 5 supporting a tubular member in overiapping relation to the opposing ends of the 

weilbore casings; 
plastically defomiing and radially expanding the tubular member, and 
plastically deforming and radially expanding the tubular memher and the 

opposing ends of the wellt)ore casings. 

20 

142. A method of fpmiing a structure having desired strength characteristics, 
comprising: 

providing a first tubular member, and 

plastically defomiing and radially expanding additional tubular members onto 
25 the interior surfeice of the first tubular member until the desired strength 

characteristics are achieved. 

143. A method of fonning a weilbore casing within a weilbore having desired strength 
characteristics, comprising: 

30 plastically deforming and radially expanding a first tubular member within the 

weilbore; and 

plastically deforming and radially expanding additional tubular members onto 
the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 
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144. A method of coupling a first tubular member to a second tubular member, the first 
tubular member having an original outside diameter ODo and an original wall thickness 
to. comprising: 

plastically deforming and radially expanding a first portion of the first tubular 

member to a first outside diameter; 
plastically deforming and radially expanding another portion of the first tubular 

member to a second outside diameter; 
positioning the second tubular member inside the first tubular menriber in 

overiapping relation to the first portion of the first tubular member, 
plastically deforming and radially expanding the second tubular member to a 

third outside diameter, and 
plastically defomiing and radially expanding the second tubular member to a 

fourth outside diameter 
wherein the inside diameters of the first and second tubular members after the 

plastic defonnations and radial expansions are substantially equal; and 
wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular member is 

greater than or equal to 1 6. 

145. A method of fomiing a nnono-diameter wellbore casing, comprising: 

positioning a first tubular member within a wellbore, the first tubular member 
having an original outside diameter ODo and an original wall thickness 
to; 

plastically defonming and radially expanding a first portton of the first tubular 

member to a first outside diameter; 
plastically defomiing and radially expanding another portion of the first tubular 

member to a second outside diameter, 
positioning the second tubular member inside the first tubular member in 

overiapping relation to the first portion of the first tubular member, 
plastically deforming and radially expanding the second tubular member to a 

third outsMe diameter, and 
plastically deforming and radially expanding the second tubular member to a 

fourth outside diameter; 
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wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantiaily equal; and 

wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular member is 
. 5 greater than or equal to 1 6. 

146. An apparatus, comprising: 

a plastically deformed and radially expanded tubular member having a first 

portion having a first outside diameter and a remaining portion having a 
1 0 second outside diameter; 

wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular member is 
greater than or equal to 1 6. 

15 147. An apparatus, comprising: 

a plastically deformed and radially expanded first tubular member having a first 
portion having a first outside diameter and a remaining portion having a 
second outside diameter; and 
a plastically defomned and radially expanded second tubular member coupled 
20 to the first portion of the first tubular member, 

wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular member is 
greater than or equal to 16. 

25 148. The apparatus of claim 147. wherein the inside diameters of the first and second 
tubular members are substantially equal. 



1 49. A welibore casing fomied in a wellbore, comprising: 

a plastically deformed and radially expanded first tubular member havihg a first 
. 30 portion having a first outside diameter and a remaining portion having a 

second outside diameter, and 
a plastically deformed and radially expanded second tubular member coupled 
to the first portion of the first tubular member. 
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wherein the ratio of the original outside diameter ODo of the first tubular 

memt)er to the original wall thidcn^s to of the first tubular member is 
greater than or equal to 1 6. 

5 1 50. The casing of daini 1 49, wherein the Inside diameters of the first and second 
tubular members are substantially equal. 

151. An apparatus, comprising: 

a plasticsklly deformed and radially expanded tubular memben 
1 0 wherein the ratio of the original outside diameter ODo of the tubular member to 

the original wall thickness to of the tubular member is greater than or 
equal to 16. 
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